December 1996 


Vol. 20 No. 1 2 






Instrumentation 
Software News. 


New 


LabVIEW 4.0 - Graphical Programming for Instrumentation 


LabVIEW Version 4.0 is here and it's designed just for you! Whether your application is large or small, simple or complex, 
LabVIEW 4.0 has features designed to improve your productivity, simplify your development tasks , and integrate your 
application throughout your organization. LabVIEW 4.0 features a customizable development environment, powerful 
editing and debugging tools, open connectivity tools through OLE Automation, and the new CodeLink utility to 
import C code directly into your Vis. 



New 


LABWiNDOWSVCVI 4.0 - Tools for C/C4-+ 


LabWindows/CVI, an interactive C programming environment to build virtual instruments for data acquisition and 
instrument control, now extends its powerful tools to other C/C++ programming environments. LabWindows/CVI 
Version 4.0 libraries work with compilers from Microsoft, Borland, Symantec, and WATCOM. In addition, you can 
automatically compile your C code in LabWindows/CVI into dynamic link libraries (DLLs) for use with C/C++, 
Visual Basic, or LabVIEW. 



New 


ComponentWorks - ActiveX Controls for Visual Basic 


ComponentWorks is a new collection of ActiveX (OLE) controls and libraries for building virtual instruments in Visual 
Basic, Visual C++, and Borland Delphi. With ComponentWorks, you can acquire data from National Instruments 
DAQ products, control GPIB instruments with instrument drivers, perform advanced statistical analysis and signal 
processing routines , and build virtual instrument front panels in Visual Basic. 


* 

Component Works 
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New 


VirtualBench — Turnkey Virtual Instruments 


VirtualBench is a suite of five low<ost " benchtop " virtual instruments that combine the benefits of plug-in DAQ boards, 
software, and the PC. These instruments run on a variety of National Instruments DAQ products and include a 
ready-to-run oscilloscope, function generator, digital multimeter, dynamic signal analyzer, and data logger. 



i VirtualBench 


New 


Measure - Direct Data Acquisition with Excel 


Measure for Windows adds direct data acquisition and instrument control capabilities to Microsoft Excel. With 
easy-to-use pop-up dialog boxes, you can configure data acquisition operations using National Instruments DAQ 
products or set up serial communications for any RS-232 instrument. You can transfer the data directly into your 
Excel spreadsheets. 




For your FREE evaluation 
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products on our 
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DILBERT® by Scott Adams 


e your FREE Gilbert* Deck Card Pack, dial our OMEGA fax- online 
4271 and request document *9987. or call 202-329-1266 to reserve 
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Fixed I/O 
Programmable 
Logic Controls 
(PLC) System 




Micro>controller 
shown with handheld 
programmer, Model 
520VPU 19200, $39 



Enjoy more of 
DILBERT * and 
his workplace 
witticism... 

test a full 
deck of OMEGA s 
late-breaking 
product cards ! 
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Smallest self-contained sensor 

in the world! 





With a footprint of less than 1/4 square inch and a thickness less than 1/8 
inch, these sensors are ideal for limited-space installations. Available in 
front and side sensing versions. UZB sensors offer a true low-cost alter- 
native to fiber-optic sensors. The UZB’s unique design eliminates the 
need for a separate amplifier saving valuable panel space. 


m 


Fiber-optic performance at half the cost. 


r 


If space is your problem and fiber-optic sensors are just too expensive, 
take a serious look at what Aromat’s UZB can offer. 


UZB1222 


Smallest, self-contained sensor in the industry 


With a footprint of 
less than 1/4 square 
inch and a thickness 
less than 1 /8 inch. 
UZB sensors are 
perfect for limited- 
space installations. 
(Shown enlarged) 


Eliminates separate amp to save valuable panel space 

• Ability to sense objects as small as 0.1mm 

• Visible-red light source for easy alignment 

• Modulated for immunity to ambient light 

• High-speed response time of 0.5ms 

• 2 LED indicators for operating status 

• Available in thru-beam and fixed-focus diffuse types 

• Thru-beam offers long range sensing of 500mm 

• Corrosion resistant, IP67 housing 

Call us today and see how the latest innovations from Aromat 
and Matsushita Electric Works can fit into your next design! 


1 - 800 - 228-2350 

Programmable Controllers ■ Sensors ■ Limit Switches ■ Timers/Counters 
Aromat Corporation, 629 Central Avenue. New Providence. NJ 07974 


www.aromat.com 

For More Information Write I 



restEquity introduces 
Brand New Stanford 
Research Systems, 

premium equipment 
iiat’s priced to relieve 
vow real-world budget 
:onstraints. 

Urand New 

► Stanford 
Research Systems 
SR780 

2-Ch., 102 kHz 
FFT Network 
Signal Analyzer 
Only s 9,950 ! 

Save as much as 50% 
over competing models. 

► SRS DS345 
30 MHz 

Function Generator 
s l,595 

► SRS SR630 

16 Ch. Thermo- 
couple Monitor 
s l,495 

Other^est-priced, high- 
quality specials you’ll 
find in TestEquity’s up- 
to-the minute-catalog: 

ReNewed ™ 

► Hewlett-Packard 
3325A 

Synthesized/ 
Function Generator 
1 pHz to 21 MHz 
s 2,995 

Environmental 
Chambers and Ovens 

* Thermotron, Tenney, 
Envirotronics & more 

► HP 6264B 

DC Power Supply 
0-20V, 0-20A 
Sold New for $2,200! 

s l,095 

Brand New 

► Tektronix 

TDS 200. 

60 or 100 MHz, 1 Gs Is 

Digital Real-Time 
Oscilloscopes 
from s 995 

UnUsed 

► HP 2225A 
Thinkjet Printer 
with HP-IB interface 
Sold New for $595! 



She needs more test equipment 

but the budget’s tight. 

How do you give her what she wants? 



Get the TestEquity Catalog 


of Brand New and ReNewed Test Equipment. 

These catalogs are jam-packed with best-price deals on high-quality test 
equipment; all the top brand names, including Hewlett-Packard, Tektronix and 
Fluke. And now there’s Stanford Research Systems, a selection of top-of-the-line 
instruments priced up to 50% less than competing models! Call or log-on for the 
latest arrivals and sale priced specials that will solve your test needs... and hers. 


*275 


Tektronix 

Brand New -J 

► Tektronix 
YVaveStar™ 

Software captures, 
uploads & analyzes^ 
waveforms with 
digitizing scopes. 

s 295 



TeSTEQUITY 



1 - 800 - 407-3457 


Local or Inti, call (805) 498-9933 • FAX (805) 498-3733 
Ready to answer your cal from 6:50 am. Pacific Time. Monday thru Friday 

http://www.testequity.com 

For More Information Write In No. 512 






Let Microway build your next Graphics Workstation 
Personal Supercomputer or Server using... 




500 MH; 


Cray Performance 
at a PC Price! 

J Gigaflop 


Yy f 


Since 1982 Microway has provided the PC world 
f * * with the fastest numeric devices and software available. 

No product in the last 1 5 years has excited us more than 
the 500 MH: Alpha Screamer. With its ability to execute 
2 billion operations per second, the Screamer is the best 
choice for your next workstation or server! In addition to NT, 
the Screamer runs Digital UNIX, Open VMS and Linux. 


This means you can run many of your VAX and MOTIF applications on 
the same hardware that runs Microsoft Excel or Word, Oracle, Adobe 
Photoshop; plus engineering and graphics applications such as Pro/ 
Engineer, Microstation, AutoCAD, Softimage and Lightwave, 

Plus, Digital’s FX!32 makes it possible to run 32-bit WIN95 
and NT applications on the Alpha. Over the last 15 
years we have designed systems for thousands of 
satisfied customers including many prestigious insti- 
tutions. Our technicians are expert at configuring the four 
Alpha operating systems we support. 


System Performance 
Microway understands the importance of 
balancing fast CPUs with equally fast 
caches, memory and peripherals. Microway’s 
exclusive 2MB SRAM 
cache, fed by a 288-bit 
wide memory system, 
boosts performance by 
up to 30%. Its 64-bit 
PCI bus is driven by a 
state-of-the-art Digital 
chip set that feeds 32- 
and 64-bit PCI sockets. 

To take advantage of these resources, 
Microway installs the best graphics and hard 
disk controllers available, including control- 
lers appropriate for 2 and 3D Graphics 


Micro 

Way 


Workstations and RAID powered Servers. 


Numeric Performance 

Microway produces one of the finest nu- 
meric optimized compilers - NDP Fortran. Since 
1986, hundreds of applications have been ported to the 
X86 with it, including industry standards like MATLAB and 
ASPEN. Our latest RISC scheduler has a number of features 
that take advantage of the Alpha’s quad-issue capability. Run- 
ning on a 500 MHz 21164 that bursts at 1 gigaflop, a dot 
product kernel we use for compiler testing runs at a mind- 
boggling 940 megaflops!!! 

For a complete description of the 
optimization facilities provided by 
NDP Fortran or C, our Screamer Sys- 
tems and motherboard pricing call 
508-746-734 1 or visit our WEB Site 
at: http://www.microway.com. 




Mtcroway 


Digital, Alpha, Open VMS and Digital UNIX TM Digital. 

NT. Excel and Word TM Microsoft. 
Screamer, NDP Fortran and Microway TM Microway. 

Technology You Can Count On 


Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
www.microway.com, info@microway.com • France 33 146229988 • Germany 49 6997650001 • India 91 806637770 
Italy 39 27490749 • Japan 81 645931 13 • Korea 82 25981623 • Poland 48 22487172 • United Kingdom 44 1815415466 


For More Information Write In No. 643 








Corporation 



Rated Excellent or Very Good 

DIGI-KEY: 77.5% 
OTHERS: 40.2% 


Percentages reflect leading distributors rated excellent or very good for “Availability of Product." 
Based on “Engineering and Distribution Survey" in which engineering professionals were asked 
to evaluate distributors with whom they had done business or were most familiar. 


Digi-Key Corporation • 701 Brooks Ave South • Thief River Falls MN 56701 • Toll Free 1-800-344-4539 • Fax: 218-681-3380 • http://wwwidigikey.com 

Digi-Key accepts MasterCard, VISA. American Express and Discover 
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Special Focus: Design & Analysis 
Software 

38 Software for Mathematical Modeling 
of Dynamics and Controls 
40 Software for Integration of Multidisciplinary 
Design Efforts 

40 Program for Multidisciplinary Finite-Element 
Analysis 

42 Software for Optimizing a Multistage 
Axial Compressor 

44 Program Estimates Lifetimes and Reliabilities 
of Gear Trains 

44 Program Estimates Flows in Centrifugal 
and Axial Pumps 

46 UnkWinds - Flexible Software for Highly 
Interactive Visual Data Analysis 


48 Special Focus Products 



This month, NASA Tech Briefs 
celebrates its 20th year as a 
magazine. Since publication of 
the first issue in the Spring of 
1976 (pictured here), NASA Tech 
Briefs has highlighted more than 
12,000 commercially viable NASA 
technologies for transfer to the 
engineering community. Many of 
those technologies resulted in 
products and processes currently 
used by millions of Americans, 
both at home and in industry. 

A sampling of those important 
innovations is depicted on the 
cover of this special 20th 
anniversary issue. 

(This issue's cover image 
manipulation and photo montage 
by Martin Ingber.) 



Physical Sciences 

70 Enhanced Electrochemical Reduction of C0 2 
70 Thermoelectric- Device-Aided Heat-Flux 
Gauges and Radiometers 
72 Membrane Modules Separate Nitrogen 
From Carbon Dioxide 
76 Visual Indicator of Filter Exhaustion 


78 


Materials 

78 Li x SiP y Solid Electrolytes for Rechargeable 



Li-Ion Batteries 
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With Controlled Doping 
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50 Circuit Boards for Testing Alternative 
Cleaning Processes 
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54 Microstrip Reflectarray Antennas With 
Mechanical Phasing 

56 Superconducting Notch Filter for 171 MHz 
56 Improved Modeling of Discontinuities in a 
Transmission Line 
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Electronic Systems 

62 Compensating for Fading in Ka-Band 
■ Data Communications 

62 Neural-Network Guidance System for a 
Mobile Robot 

66 Digital Filter ASIC Would Decimate by 1 ,600 

67 PID Temperature Controller With Fuzzy Logic 

68 Deconvolution Method for Reducing 
Multipath GPS Errors 


82 Computer Programs 

82 Program Verifies Continuity in Microchip 
Conductor Layouts 

82 Software for Automated Processing of 
Spacecraft Power Data 
82 Software for Interactive Presentation of 
Planetary Data 

84 Software for Precise GPS Calculations 
84 Improved Software for Predicting Solar 
Proton Fluxes 

86 Software Models Lumped -Parameter 
Systems in Steady States 

87 Software for Assessing Ice-Impact Damage 
in Aircraft Engines 

87 SAGE - Multidimensional Adaptive-Grid Code 

88 SINDA/FLUINT Version 2.6 
90 Hybrid Automated Reliability Predictor, 

Version 7.0 

92 Software for Graphical Input to HARP 

93 Program Plots HARP Output 

(continued on page 8) 
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Data Acquisition 
Direct To Tape At 12 MBS 


42 GB uncompressed 
tape capacity 

12 MBS sustained 

throughput, 

uncompressed 



Fast/Wide SCSI, Ultra SCSI, 
ESCON, IBM Channel, and 
Digital Data Recorder 
interfaces 



t ; T — 

Rack mount configuration 


py> a m rn 

available 

cv«oc 





Built to match the speed of the 
fastest computer systems while 
providing the high capacity needed 
to handle massive amounts of data, 
the CY-9000 half-inch digital DTF 
drive is a performance breakthrough. 

Store 42 GB on a single tape, 
uncompressed. 

Save time and resources by 
writing directly to tape at a record 
breaking speed of 12 MB per 
second — 43 gigabytes per hour — 
over a terabyte every day. 

Choose from Fast; Wide SCSI, 
Ultra SCSI, ESCON, and IBM 
Channel interfaces for plug 


compatibility with the widest range 
of systems. 

Available in a desktop or rack 
mount configuration, the drive 
features a 32 MB data buffer. An 
optional Digital Data Recorder 
interface provides up to 128 MB of 
variable rate buffer to ensure a 
smooth flow of data from host to 
drive, regardless of fluctuations in the 
data source. 

Whatever configuration you 
choose, the drive will be up and 
running when you need it with a 
MTBF of 200,000 hours — the best 
reliability in the industry. You’ll also 

Tera One 


like the fact that the compact car- 
tridges are widely available and easy 
to organize, ship, and store. 

If you need it, 100% lossless data 
compression is available to boost tape 
capacity to up to 210 GB and speed to 
up to 40 MBS. 

If you’re serious about data 
acquisition, get the tape drive that’s 
serious about performance. 

Call today for more information. 

( 804 ) 833-9000 

CYBERNETICS 

• Yorktown. VA 23693 • Fax (804) 833-9300 


For More Information Write In No. 603 
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Algor software is helping the engineering leaders 
of today and tomorrow design the future. 



To find out how, come see us in action: 


Air Products Chooses PipePak • Algor Passes Test by Rockford Pow ertra in • Navistar International Case History • Th^Case ofjhe Martian 

Car Parts ^Algor Softwanf Helps Design • Engin^^^^^s Arch Italian Church I Designing 

Tanks that Meet Federal Codes • Scientist Prevents Future Chernobyls • Design Optimization and Creativity at Black & Decker • Army Designs 




New M60 ‘ 
Wheel Ml 
Reductio 
13th CenH 
Implants * 
Discovers! 

It 2 


Algor’s Internet place features a vast number of real-world case histories. 
There’s something for everyone and new stories are being added all the time. 
Algor’s Magellan Search Commander makes it easy to find stories of interest to you. 




* Brazilian 
leant Cost 
Repairs to 
Id Dental 
lingineer 
Jspeaker 
^tsign • Keck 


Design « 

Telescope Construction Started • Life Less Painful for Patients Undergoing Biopsies • Portuguese Engineer Creates Bold New Designs • Pulp 
Factory Piping System Keeps Safe in Earthquake • Purafil and AEC Develop Product Improvement Plan • Revere Transducers Lowesr Design 
Costs, Improves Quality • SAI Designs PA s First Post -Tensioned Bridge Pier Cap • Schaeffer Magnetics Designs Actuators for Space Robot • 
Spanish Shipbuilders Design Dry Dock Door • Spirex Designs Parts that Save Time and Money • U.S. Filter Improves Water Filtration Product 
• Ultrasonic Plastic Welding Experts Put Algor FEA to the Test • University of Vermont Probes Scoliosis Mysteries • Westinghouse Teaches 
Algor to Japanese • Westinghouse Uses Algor Design Language • Wheeling Suspension Bridge Case History • Zimmermann & Jansen Design 


Algor's Internet place is also the best spot to learn about: 



Houdini: CAD/FEA Integration 
with 8-node “Bricks” 

Finite Element Design 
and Analysis Software 



Plant and Piping System 
Design and Analysis Software 


B Multimedia Products for Engineers 
(books, videos, etc.) 



Speed-Mesh: CAD to 8-node “Brick” 
Modeling Service 



Algor Education Seminars 


E-mail: infO@algor.com • Phone: +1 (412) 967-2700 • Fax: +1 (412) 967-2781 


For More Information Write In No. 525 






MORE MULTIPROCESSING POWER. 




^ The impact we're going to have 
with the [Windows} NT*/ Pentium • 
Pro [pnKessor] -based sy stem is 
lower cost . better performance 
and more productivity. ^ 


5 5 Million Transistors. 
(Go ahead, count ’em.) 


K 

Gary LeDuc, 

Design Engineer, 
ABB Vectogray 


^ Engineering Automation Report 
has been recommending to its 
readers for some time now that 
they take a serious look at 
Pentium % Pro [prtK essor- based} 
workstations, along with 
Windows NT*, as fundamentally 
being the wave of the future. 55 



SUPPORTS FASTER 
MULTITASKING. 


David Weisberg, Editor. 
Engineering Automation Report 



On-board L2 cache brings 
loads of extra performance 
to your processor. 




PENTIUM® PRO 

PROCESSOR 



Runs your business 
and technical software 
on one system. 







www.intel.com/pentiumpro 



r\ 


i 


For even more 
information, 
visit our Web site. 


©19% Intel Corporation. Comparisons arc 
between the Pentium Pro processor and the 
Pentium processor. * Indicated names are trade 
marts of other companies 


PROUD PARTNER 


150 

Smithsonian 



Mechanical Desktop’ Performance t 

"User Throughput Test" 



6 8 

DX2/66 


H Penbuma Pro processor (200MHz) 
rm Pentium* processor (200MHz) 

■» Pentium processor 033 MHz) 

■* Intel486- DX2 (66 MHz) 

t Mechanical Desktop Benchmark provided by 
Autodesk, ran by Intel Corporation. August % 
System configuration, including hardware and 
software design, may effect actual performance. 


Have a nice Web experience. 




Among the Pentium® Pro processor’: 




X 



Shift productivity into high 
gear when you run Autodesk' 
Mechanical Desktop* or 
AutoCAD* on a Pentium Pro 
processor-based workstation. 

/ 

T 




features, one has your name on it. 


iny. 

The Computer Inside. 



Real-time 
Video on 
Computers 

SIMULATION C 3 I SURVEILLANCE 
INTERACTIVE VIDEO DISC TRAINING 
ROBOTICS INDUSTRIAL CONTROL 
VIDEO TELECONFERENCING 



SUPE R V IE W OFFERS 

Up to 6 real time video windows 

Windows scaleable to full screen 

Optional inputs for FUR, radar, 
VGA and medical imagers 

Text and graphics overlays on 
video 

Compatibility with all high 
resolution graphics controllers 


Video windowing systems are available in 
standalone and board level configurations 
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The Hubble Space Telescope is in orbit when a defect is discov- 
ered in the primary mirror. Fuzzy pictures. Big problem. 

Scientists knew they faced a daunting task when they launched 
the servicing mission to repair NASA’s Hubble Space Telescope 
in 1993. They needed superior software tools to test, calibrate 
and analyze the data from the replacement camera. They chose 
IDL, the Interactive Data Language 


H 


t r t 


These spectacular images were captured by the 
Hubble Space Telescope and processed, 
viewed and analyzed in IDL 


The ability to quickly and easily write applications, compile data 
and visualize results compelled the Investigation Definition 
Team for the WFPC-2 to use IDL as their software language. 
IDL provides a “powerful, flexible language that is easy to use 
and customize,” says Paul Scowen, a team member. “With IDL 
you can be productively working on your data after only a couple 
days’ exposure to the environment.” 



Hubble picture perfec 

“Among other things, I put together a GUI that incorporated 
numerous IDL applications in a simple, point-and-click mode. 

IDL is one of the best environments I’ve seen to design GUIs 
quickly and easily,” says Scowen. 

Scowen estimates they saved “more than a year of labor over 
the course of three years by adopting IDL over other alterna- 
tives.” Because IDL runs on Windows, Unix and Macintosh 
computers, the team could quickly and efficiently share their 
work. “Being able to take procedures written on one machine 
and directly transplant them to another at the drop of a hat is 
particularly advantageous,” Scowen says. 

“Many of IDL’s array-handling logic routines are invaluable,” 

Scowen adds. “For example, the ability to multiply two arrays 
in memory as fast as IDL docs cannot be matched by other 
commercially-available software.” 

Thousands of other organizations like NASA are using IDL to 
accelerate their data analysis. Find out how IDL can help you make 
better discoveries from your data. Contact us today for an IDL 
information pack and your free booklet, Earth Science Application 
Profiles , which details other interesting applications of IDL 

3:5 IDL 

Contact us today for information on the IDL software package & a free demo CD. 

Research Systems, Inc. tel: 303.786.9900 email: info@rsinc.com http://www.rsinc.com Software = Vision, 




:htenstem luiembourp. Switzerland Hit Netherlands CREAS0. GmbH W 49 8105 25055 • Bnuil SutSoft tel 55 51 337 38 91 • CWea. Hong Kom 3-Unk Systems Pte Ltd. tel 86106 261 0161 
Fast Parallel Solutions France tel 33 1 41 73 20 00 • Italy Alhant Computer Systems SRL tet 39 39 6091766 • Japan Adam Net Ltd tel 81 35802 2251 • Korea n !e rSys tet: 82 42 869 4746 
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NASA 

Commercial 

Technology 

Team 


NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 


NASA’s Technology Sources 

If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics: 
Life Sciences: 
Earth and 
Atmospheric 
Sciences: 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Syed Shariq 
(415)604-1919 
syed_shahq@qm 
gate.arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
duke@louie.dfrf. 
nasa.gov 


Goddard Space 
Flight Center 

Selected techno- 
logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301)286-5810 

galcom@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
Microspacecraft; 
Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

James Rooney 
(818)354-2240 
james.a.rooney 
@jpl.nasa.gov 


Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(713)483-0474 
hdavis@gp101.jsc. 
nasa.gov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Bill Sheehan 
(407) 867-2544 
billsheehan-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6005 
j.s.heyman 
@larc. nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Ann Heyward 
(216) 433-3484 
ann.o.heyward@ 
lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space 
Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 

Harry Craft 
(205) 544-5419 
harry. craft@msfc. 
nasa.gov 

Stennis Space 
Center 

Selected techno- 
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Anne Johnson 
(601) 688-3757 
ajohnson@ 
wpogate.ssc. 
nasa.gov 


NASA Program Offices 

At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Gene Pawlik 
Small Business 
Innovation Research 
Program (SBIR) 

(202) 358-4661 
gpawlik@oact. hq. 
nasa.gov 

Robert Norwood 
Office of Space Access 
and Technology (Code X) 

(202)358-2320 
r norwood@oact.hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 

(202)358-1417 
phodge@osfms l.hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 

(202)358-4711 
g Johnson@aeromail. 
hq.nasa.gov 


Bill Smith 

Office of Space Sciences 
(Code S) 

(202) 358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 


Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-1958 
bhansen@gm. olmsa. 
hq.nasa.gov 


Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 
gpaules@mtpe. hq. 
nasa.gov 


NASA’s Business Facilitators 


NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional technol- 
ogy Transfer Center nearest you, call (800) 472-6785. 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Brian Joseph 

National Technology 
Transfer Center 

(800) 678-6882 


Carolyn Suckow 

Far-West Technology 
Transfer Center 

University of Southern 

California 

(213) 743-2353 


Dr. William Gasko 
Center for Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 

Southern Technology 
Applications Center 

University of Florida 
(904) 462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 

Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 648-7000 


Chris Cobum 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 
Institute 
(216) 734-0094 


Karen Robbins 
American Technology 
Initiative 

Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 

Johnson Technology 

Commercialization 

Center 

Houston, TX 
(713)335-1250 


John Gee 

Ames Technology 

Commercialization 

Center 

Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain. Earth Analysis Center, (505) 277-36 22. 
For software developed with NASA funding, contact NASA's Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 
542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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THINGS THAT SEEM TO LAST AN ETERNITY. 



a, Fruitcake 



c. Opera 



d. Parts lubricated with Krytox* 



Why do components with DuPont 
Krytox* last practically forever? 

For starters, Krytox* lubricants 
are based on our exclusive space-age 
fluoropolymer technology. So you 
get long-lasting lubrication over the 
broadest range of temperatures (-70°F to 650°F) in even the 
most extreme conditions. Available in oil, grease and new 
dry film, Krytox* is compatible with metals, elastomers, 
engineering plastics — and all chemicals including oxygen — 


In grueluijt NASCAR events, 
Krytox* provides unsalable 
protection for components. 


http://www.lubricanLs.dupont.com 


which means it’s nonflammable, chemically inert and insoluble 
in solvents and water. It’s clean, white, and it stays put, with 
virtually no change in physical properties over time. Whether 
your application is automotive, aerospace, small motors, paper 
making or chemical processing, you just can’t get a longer- 
lasting lubricant than Krytox*. 

For more information, call 
1-800-424-7502. 

Krytox*. Lubrication beyond 
your highest expectations. 

Only by DuFbnt 
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EXTENTS 

Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area of tech- 
nology. The agency has a portfolio of 3000 patents and pending applications available now for license by busi- 
nesses and individuals, including these recently patented inventions: 








FULL 


i y V* 


US PATENT 


COPIES 


ONLY $3.95 




• US and 
International 
Patents! 

• Clean, Crisp Copies! 

• Fax Delivery 
Available! 


O' 


Wouldn’t you like to see 

' 

the full patent . . . indud- 




ing all the drawings? It’s 
easy. Call 800-336-5010 
and order any patent 
copy in the world, includ- 
ing any patent shown on 
this page. If you don’t 
know precisely what you 
want, we can still help. 
Expert patent specialists 
are available to provide 
you with a completely 
confidential search. You 
even have a choice of 
delivery options includ- 
ing first class US mail, 
Federal Express or even 
fax. It’s up to you. Call us 
today and find out what 
you’re missing! 


o 


DERWENT 

Scientific and Patent Information 




Call (800) 336-5010 

to place your order 

Call (800) 451-3451 

for more information 

info@derwent.com 

Visit our Home Page! 

http://www.derwent.co.uk 
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Digital Parallel Processor Array 
for Optimum Path Planning 

(U.S. Patent No. 5 ,548,773) 

Inventors: Sabrina E. Kemeny, Eric R. 
Fossum, and Robert H. Nixon, Jet 
Propulsion Laboratory 

The invention is a method of path planning 
across terrain using a digital parallel-processor 
array in an integrated circuit chip. Each proces- 
sor is assigned a value representing the difficul- 
ty in traversing that portion of the terrain, and a 
corresponding delay — the more difficult, the 
longer the delay. Neighboring cells in the 
processor are connected by links extending 
along different directions to one another. The 
device operates by having many stimulus sig- 
nals electronically travelling all possible paths 
simultaneously between two chosen points, 
detecting the first-to-arrive signal and determin- 
ing which path it followed. The signals emanate 
from a single starting point and provoke each 
node or cell in their paths to broadcast copies of 
each arriving stimulus signal to all adjacent 
nodes, until every one in the array has received 
a stimulus signal. Each node blocks the arrival 
of all but the first-to-arrive stimulus signal and 
remembers the direction from which that signal 
arrived. Thus the invention simultaneously con- 
structs the easiest paths to all nodes in the array 
from the starting node. 

For More Information Write In No. 776 


Bending and Torsion Load 
Alleviator with Automatic Reset 

(U.S. Patent No. 5,558, 182) 

Inventors: Horacio M. de la Fuente, 
Michael C. Eubanks, and Anthony X. 
Dao, Johnson Space Center 

A problem with load alleviators designed to 
protect a joint or component against excessive 
torsional and bending forces has been that 
they do not dissipate a significant portion of 
the energy input from one component to 
another, and significant energy is present when 
the components return to their original config- 
uration once the load is removed. This allevia- 
tor uses a spring strut structure to dissipate 
excessive input forces, a structure that also 
returns the components to their original config- 
uration with a low energy once the excessive 
load is removed. The invention comprises a 
crown assembly with cam surfaces circumfer- 
entially spaced about a portion of it, a center 
housing whose end portion is engageable with 
the crown assembly and has cam followers for 
engaging the cam surfaces, and the energy 
dissipator whose elongate member is axially 
movable within its body. 

For More Information Write In No. 777 


Apparatus and Method for 
Cold Welding Thin Wafers to 
Hard Substrates 

(U.S. Patent No. 5,5 49.237) 

Inventors: Richard C. Oeftering and 
Floyd A. Smith, Lewis Research Center 

In cold welding, pressure is applied to the 
parts to be joined, causing plastic deformation 
at the surfaces and, ideally, interatomic bonds. 
Thin films of a common metal on such surfaces 
can be forced together to create a joint that is 
strong structurally but also so thin that it has 
negligible effect on the transmission of 
acoustic waves. But the film materials used, 
particularly indium, require that joining take 
place in a vacuum. This apparatus and method 
for coating and bonding a pair of metal or non- 
metal parts uses a floating mount assembly for 
holding one of the parts and for providing a 
spring-biased bonding force to them in the 
vacuum chamber. A pivoting mount assembly 
holds the other part. In the coating position, 
both assemblies orient the bonding surfaces in 
the same direction for coating. Then the pivot- 
ing assembly is rotated so that the bonding 
surfaces face each other. The floating block 
assembly uses a purely mechanical form of 
energy storage to apply bonding force, elimi- 
nating hydraulic systems that could contami- 
nate the chamber. 

For More Information Write In No. 778 

Unipolar Terminal-Attractor- 
Based Neural Associative 
Memory with Adaptive Threshold 

(U.S. Patent No. 5,544,280) 

Inventors: Hua-Kuang Liu, Jacob 
Barhen, Nabil H. Farhat, and Chwan- 
Hwa Wu, Jet Propulsion Laboratory 

One of the major applications of neural net- 
works is in the area of associative memory. 
The work of Hopfield initiated intense interest 
in such networks, but the storage capacity of 
the Hopfield model proved quite limited. To 
alleviate the spurious-states problems in this 
model, the concept of terminal attractors was 
introduced by M. Zak. But the improvement of 
the storage capacity of the Hopfield model by 
the terminal attractor cannot be determined 
based on Zak's model. The present patent 
presents a unipolar terminal-attractor-based 
neural associative memory (TABAM) system. 
By adaptively setting the threshold values for 
the dynamic iteration for the unipolar binary 
neuron states with terminal-attractors for the 
purpose of reducing spurious states, and 
using the inner-product approach, perfect 
convergence and correct retrieval is achieved. 

For More Information Write In No. 770 
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DEPEND ON 

Sarnoff 

IR & Visible Imagers 

Since 1986 Sarnoff has provided 
high quality innovative solid state 
imaging products and 
superior technical 
service and support. 

Providing you 

with tomorrow’s 

technology today. 


• Full Service Design 

• Final Product 
Fabrication 

• Thinned Back 
Illuminated CCDs 

• Vacuum UV Imagers 

• Monolithic PtSi 
Process 

• CMOS Multiplexer Process 


21st Century 




- 






m 


For a brochure 
call (609) 734-2553 or 
fax (609) 734-2992 


When you need 
customized imagers 
and camera systems 
call SARNOFF. 

We can address 
your complex packaging, image pro- 
cessing, cooling, and image quality 
systems have been 
developed and implemented for the 
following applications: 

• Medical 

• FLIR Pods 

• Surveillance 

• Vision Systems 

• Missile Seeker Heads 

• Industrial Analysis 


For more information contact: 

Business Development • David Sarnoff Research Center 
CN 5300 • Princeton, NJ 08543^5300 
Tel: (609) 734-2553 • Fax: (609) 734-2443 
Internet: www.samoff.com 
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W E 


FINALLY 


MADE 


A WORKSTATION 



eve r yo n e 

e I s e’s. 


Introducing 02"*. A workstation just as practical, 
reliable, and affordable as everyone else’s. Except that 
it’s better. Only 02 delivers industry-leading CPU 
and graphics performance as well as breakthrough 
video and imaging capabilities. All of this is possible 
because 02 is the only workstation in its class 
that is based on an innovative Unified 
Memory Architecture. In addition 02 is 
available with a MIPS* R5000™ CPU, or, 
for your most demanding needs, the more 
powerful MIPS* RIOOOO"*. If you think all this makes 
02 stand out, wait until you see how well it fits in. 
02 is designed to easily plug into your network as 
well as leverage the interactive capabilities of the web. 



It comes standard with a full set of web-authoring 
tools and a personal web 
server, a combination 
which allows you to 
communicate your ideas 
to anyone, anywhere, on 
any computer. If 
you’re looking for 
the performance 
of a workstation 
combined with the power 
of the web, as you can 
see, it isn’t hard to find. 


02 Desktop Workstation 
$7,495 

MIPS R5000 180MHz processor 
32-bit double-buffered graphics 
Hardware texture mapping 
Image processing engine 
Video compression engine 
Web-integrated user environment 
64MB ECC SDRAM 
2GB SCSI system disk 
17" monitor, 1280x1040 
lOOBaseTX/IOBaseT Ethernet 
CD-ROM 


For more information see 


our Web site or call 800.636.8184 Dept. LS0055. 


www.sgi.com/02 



SiliconGraphics’ 

Computer Systems 
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New Product Ideas 


New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 


in the appropriate 
section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 


the TSP referenced at the 
end of the full-length article 
or by writing the Commercial 
Technology Office of the 
sponsoring NASA center 
(see page 14). 


Microstrip Reflectarray 
Antennas With Mechanical 
Phasing 

These antennas would weigh less and 
have lower profiles than paraboloidal- 
dish models, which would make them 


more practical for mounting on vehicles 
and buildings. Beam steering, like 
phased-array models, would be operat- 
ed without mechanical rotation of the 
entire structure. 

(See page 54.) 


Superconducting Notch 
Filter for 1 71 MHz 

This band-stop filter was constructed 
to demonstrate the utility of high temper- 
ature superconductor films on sapphire. 
The objective is to improve miniaturiza- 
tion and performance of narrow-band fil- 
ters for various communication systems. 
(See page 56.) 

Reducing Leakage Currents 
in a Bipolar Battery 

In this proposed design concept, the 
cells would share electrolyte and gas via 
an intrabattery manifold. The shape and 
dimension of the manifold would be cho- 
sen to maximize electrical resistances 
and thus minimize leakage currents. 

(See page 60.) 

Neural-Network Guidance 
System for a Mobile Robot 

An electronic sensing and control sys- 
tem is being developed for use in guiding 
a mobile robot through hallways and 
rooms in a building. The project is part of 
a study of interactions between humans 
and robots in an office environment. 

(See page 62.) 

Membrane Modules 
Separate Nitrogen From 
Carbon Dioxide 

The conversion of carbon dioxide to 
oxygen in air-revitalization systems is 
facilitated by removal of excess nitrogen. 
Such modules could also be used to 
remove carbon dioxide and hydrogen 
sulfide from natural gas and to concen- 
trate carbon dioxide from flue gases. 
(See page 72.) 

Visual Indicator of Filter 
Exhaustion 

Filters used to remove volatile organic 
compounds from air can use a visual indi- 
cator to show saturation. Maintenance 
people would not have to open the filter 
and expose themselves to gases. 

(See page 76.) 


BUDDED FIAT-PANEL 
DISPLAY SOLUTIONS 

Dolch displays feature ultra-bright color TFT screens sized from 10.4” to 
16.1” diagonal, offering 640x480 to 1280x1024 resolutions. Our unique 
AutoSync™ analog plug-and-play input makes setup with any video card a 
snap. And, you can specify an optional touch-screen, network-ready 
embedded computer, or NTSC input on any model. 







DataView " & SmartView M 

• Rugged All-Metal Casework 

• Completely Sealed, Dust/Drip Proof 

• Adjustable Pedestal/Wall Mount 

• Tempered Glass Impact Shield 

PanelMount '& SmartPanel 

• Universal Pancl/Cabinet Mount 

Paf « j 

• NEMA 4 Sealed Display Bezel 

• Solid Aluminum Front Panel 

• EIA-310 19” Rack Mountable 

OmniView™ & ECI 

• Compact Ultra-Thin Packaging 

• Flexible All-Metal OEM Mounting 

• Adjustable Screen Position & Inputs 

• Custom Configurations Available 


Call Now 1.800.995.7560 
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Introducing the world's 
best high resistance meter. 
The Keithley Model 6517. 


A s your most accurate solution for high 
resistance measurements, with 0.125% 
accuracy fl The quickest, measuring 10 ,2 ft 
with 65ms settling time for up to 125 rdgs/s 
ft Built-in programs let you test components 
or materials and measure resistivity or insulation 
resistance ft An internal source can sweep 
voltages up to lkV ft Plus, it records time 
stamp, temperature and relative humidity with 
every measurement ft And, since it’s also an 
electrometer, it can measure very low currents 
and small charges ft For a free brochure , 
contact Keithley today. 


KEITHLEY 


Specifications 



Ranges 

Resolution 

Accuracy 1-year 

• Volts 

2V-200V 

IOjjlV - lmV 

0.025% - 0.06% 

• Picoamps 

20pA - 200pA 

lOOaA- IfA 

1% 

• Amps 

2nA - 20mA 

lOfA-lOOnA 

0.1% -0.2% 

• Ohms 

2Mft- 200TO 

10ft- lGft 

0.125%- 1.15% 

• Coulombs 

2nC-2|iC 

I0fC- lOpC 

0.4% 

• V Source 

I00V - 1000V 

5mV - 50mV 

0.15% 
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Notebook 


W elcome to the 20th Anniversary 
issue of NASA Tech Briefs. NASA 
Tech Briefs began in 1962 with one white 
paper, which grew into more white 
papers, until there was a steady stream 
and NASA decided to compile them into 
a quarterly magazine. 

Eght years after that first issue (Spring 
1 985), NASA - then, as now, under budget 
pressure - needed to find a way to cut 
costs. The idea of commercializing the 


magazine seemed the best solution, and 
under the leadership of Administrator 
James Beggs, a request fa proposals to 
commercialize the magazine was sent out. 
We, Associated Business Publications, 
were chosen to be NASA’s commercial 
partner in the first-ever joint venture in peri- 
odical publishing by a government agency 
and a private-sector publishing company. 
The idea was to recoup all printing and 
postage costs heretofore covered by NASA 


through the sale of advertising. NASA 
would pay us no money to publish NASA 
Tech Briefs , and never has in the 1 1 years 
we have been publishing the magazine. 

As long-time readers know, we in- 
creased the frequency of the magazine 
gradually from quarterly to monthly, and the 
circulation rose from 70,000 with a waiting 
list of 15,000, to the more than 200,000 
subscribers, and overall approximately 
500,000 readers, we have today. NASA 
Tech Briefs is now the world’s largest BPA- 
audited engineering magazine. 

Along with retaining its original mission 
as an awareness and problem-solving 
tool, the magazine continues to explore 
and expand its capabilities as a medium 
for commercializing NASA technology. In 
1990, we initiated the Technology 200X 
series. Our seventh annual technology 
transfer exposition and symposium, 
Technology 2006, just concluded at the 
end of October in Anaheim, CA, with 
NASA Administrator Daniel Goldin giving 
the keynote address. The total atten- 
dance exceeded 6,000. 

In the 1 1 years that we have been pub- 
lishing NASA Tech Briefs, we've saved 
$20,000,000 in printing, paper, and 
postage costs previously covered by tax- 
payer dollars, thanks to you, the readers. 
We really appreciate your support and 
we thank our advertisers, who made this 
issue our largest ever. 

When one publishes a magazine, the 
logo is a crucial element in name recog- 
nition both for readers and in advertising 
sales. The logo for NASA Tech Bhefs has 
been the same since its inception... the 
stylized typeface to which we’re all 
accustomed. Publishers are loath to 
change logos, but since NASA has 
returned to their original logo as their offi- 
cial logo, it seemed that this 20th 
Anniversary issue would be an excellent 
time for us to make the change as well. 

As always, we value and seek your 
opinions. Any comments you wish to 
make to me are not only appreciated, but 
sought. One of my e-mail addresses is: 
abp1@mail.idt.net. I’d be delighted to 
hear from you. 


HITACHI 


A Progressive Eye For Detail 

kp-fi i 



Bill Schnirring 
President 

Associated Business Publications 
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Prices include extras 
money can't buy. 


What makes AutoCAD® LT so attractive isn’t just the price, 
its that it comes with peace of mind built in. Based on the 
industry standard, AutoCAD? it’s the only one of its kind 
that allows you to share files quickly and accu y with 
nearly 1.8 million AutoCAD and AutoCAD LT users world- 


New AutoCAD LT for Windows ® 95 

Designed foe Provides all the benefits of Windows 95 
and Office “ 95 compliance , including 
Windows Nr support. Based on AutoCAD HHL 
window R / 3. Powerful CAD tools such as NURBS comp*** 
curves, advanced geometry and complex linetypes. Plus set-up 
wizards, a property painter and real-time pan and zoom make 
it easier than ever to use. 


wide. That means you can communicate ideas and iterations 
with just about anyone in the industry, whether they’re 
clients, contractors or partners. You can’t buy that kind of 
access, but you can get it free with AutoCAD LT. And when 
you do, you can rest assured you’re investing in a product 
line that will grow as your business grows. So don’t wait. 
The sooner you put AutoCAD LT to work for you, the sooner 
you’ll see just how invaluable our extras really are. 


AutoCAD LT for Windows ® 3. 1 

If you're not yet ready for the move to Windows 95, you can 
still reap the benefits of AutoCAD LT for Windows 3. 1 (formerly 
known as AutoCAD LT Release 2) at a new low price. Based on 
AutoCAD R11 and R1 2. 


True AutoCAD Compatibility 



AutoCAD' 

COHMTIILI 


Other CAD packages claim to read and write 
.DWG, but in reality they can only translate it. 
AutoCAD LTs native .DWG file format means 
that you can share files without worry. No long 
waits as your files load, no ballooning file sizes 
and no translation errors. 


► 


Don’t miss our special holiday offers on AutoCAD LT95. 
Visit your local retailer or call 1-800-228-3601 Ext: A142. 


lil Autodesk. 

R L 


Visit our web site for more information about Autodesk products, httpyAnrww.autodesk.com. ’Outside the U S. and Canada, fax 206-660-2196 Pricing in U.S. dollars, estimated street price. Certain 
restrictions may apply OAutodesk. Inc. Autodesk, the Autodesk logo and AutoCAD are registered trademarks, and Design Your World is a trademark of Autodesk. Inc. Windows 95 and Windows 3.1 
are registered trademarks and Office Compatible and Windows NT are trademarks of Microsoft Corporation. To upgrade call 1-600-435-7771 and ask for Offer J2S. 
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National Aeronautics and 
Space Administration 

Office of the Administrator 

Washington, DC 20546-0001 


A Message from the Administrator 
20 Years of NASA Tech Briefs 

NASA continues to focus on its contribution to the nation’s future. 

NASA’s mission is to be at the forefront of exploration and science and 
a leader in scientific discoveries and technological developments. 

It is through the transfer of these discoveries and technological 
developments that NASA is able to share the wealth of our technology 
with the American people, the nation’s research community, and U.S. 
companies. This, in turn, keeps them competitive in the world marketplace. 

In the spring of 1976, NASA Tech Briefs began as a government-funded 
publication printed and distributed by the U.S. Government Printing 
Office. But through the imagination of its former Editor-in-Chief, Bill 
Schnirring, NASA Tech Briefs evolved from a black-and-white circular of 
sparse abstracts and diagrams into a full-color magazine with a growing 
circulation, currently at more than 215,000. 

Today, as we celebrate 20 years of NASA Tech Briefs, I offer my congratulations 
to NASA Tech Briefs for effectively transferring information to the research 
community and industry ... all to the benefit of the American people. 




Your Reliance On Conventional Workstations 


Is About To Change Forever. 






C 1996 Compaq Computer Corporation. All rights reserved Compaq registered U S Patent and Trademark Office. Compaq Professional Workstation u a registered trademark of' 
Compaq Computer Corporation. The Intel Inside Logo and Pentium are registered trademarks and the Pentium Processor Logo and the Pentium Pro Processor Lugo arc trademarks 
of Intel Corporation. All other brands and product names are trademarks or registered trademarks of their respective companies. In Canada, we can be reached at 1-800-567-1616. 




With all due respect to RISC/UNIXbased systems, we think you’ll find our Professional 
Workstation offers something that’s been sorely missing in proprietary workstations. Namely, freedom. 

To begin with, you’ll have plenty of power to run your specialized applications. This is made 
possible through a range of cutting-edge performance features. Including Compaq’s advanced system 
architecture which is optimized for Windows* NT and can run up to two Pentium* Pro processors. And 
because our workstation is based on open systems standards, you’ll find it w r ill integrate easily into your 

distributed 



c c e s s 


existing network. So instead of having to work within the constraints of a proprietary 
system, you’ll have the flexibility to accommodate your needs, whatever they are. Of 
course, with Distributed Access, you’ll also be assured of a transparent connection 
to all the information you need throughout your enterprise. Even in RISC/UNIX environments. 

Another benefit is the result of our partnerships with leading independent software vendors like 
Microsoft, SDRC, Autodesk and PTC. Because these solutions have been thoroughly tested, you’ll get 
optimum performance and compatibility. 


Introducing The Compaq Professional Workstation. 


Finally, our workstation provides a lower cost of ow nership— not only through price : performance 
but also through Compaq’s industry- leading management features 
and comprehensive service and support programs. Including 
hundreds of resellers specially trained for your market. 

All said, the Compaq Professional Workstation is unlike 
any workstation you’ve ever used before. Which, of course, is 
exactly the point. For more information on Compaq 
workstations or Distributed Access, visit us at 
w'w'w. Compaq, com or call 1-800-318-7774. 


So what’s under the hood? I -2 200MHz Pentium * Pro processors with NT 4.0, a 2S6K cache, up to SI 2MB 
of ECC DIMM memory, an Ultra -Wide SCSI controller, and advanced 2D/3D graphics accelerators. 



COMPAQ. 

Has It Changed Your Life Yet? 
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20th Anniversary Contest 
Highlights the Write Stuff 


T his month, NASA Tech Briefs celebrates a milestone - our 
20th anniversary as a magazine. Over the past 20 years, 
more than 12,000 tech briefs have been published, 
generating nearly 1.8 million requests for Technical 
Support Packages. Today, more than 207,000 sub- 
scribers (and double that number in total readers) 
learn about NASA's technologies for transfer to the 
engineering community through the pages of NASA 
Tech Briefs 


fUASATechBriefe 


in which a brief or Technical Support Package provided a solution 
to a particular problem faced in the course of your job. Others 
related how the magazine served as a thought-pro- 
voking tool to stimulate creativity. And some of you 
shared with us your personal experiences of how 
medical innovations described in NASA Tech Briefs 
helped improve the quality of your lives. 


We announced in June our 20th Anniversary Letter- 
Writing Contest, focusing on the impact NASA Tech 
Briefs has had on you — our readers. We were overwhelmed by 
the importance you placed on the role of the magazine in both 
your lives and your work. Many of you told us of specific instances 


v»mr» 


Unfortunately, we were only able to name three 
Grand Winners and five Finalists out of the many 
impressive letters we received. The three winning let- 
ters are reproduced here, along with comments from 
the five finalists and many other entrants. Although we can't 
award 207,000 prizes, we think of all our readers as winners, and 
thank those of you who participated in the contest. 


E 
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Since its formation in 1 958, NASA has placed Americans on top of not only science and technology, but the world. While the core 
foundation of NASA has rested upon space and aeronautics, allowing our nation to pioneer the furthest reaches of our environment 
while setting foot on our nearest neighbor, the organization has evolved immensely. In addition to fantastic achievements and pre- 
sent pursuits, NASA has established a process by which industries of nearly all aspects and interests may benefit from NASA-sup- 
ported activities. 

Stavatti Corporation is a rare case. While many firms undoubtedly benefit from NASA’s technology transfer initiatives, few maintain 
a high regard for the interests that make NASA an extraordinarily unique institution: aeronautics and space. As a burgeoning aero- 
space firm, Stavatti is committed to aeronautics and space-related products. Presently pursuing the development and production of 
aircraft ranging from single-engine, general aviation airframes to multi-role fighters, Stavatti requires a variety of information sources. 

Stavatti has benefitted tremendously from opportunities presented within every issue of NASA Tech Briefs. Since initiating our sub- 
scription nearly two years ago, NASA Tech Briefs has granted Stavatti innovative solutions through articles, Technical Support 
Packages, and COSMIC-issued software. 

A very large array of NASA information has been obtained and applied by Stavatti. During these past two years, Stavatti has pur- 
sued a variety of endeavors, each of which consists of multiple individual projects. Be it the formation of composite structures, the 
integration of a flight computer, the measurement of an air intake’s pressure recovery, the estimation of turbulence, or an improve- 
ment in aircraft maneuverability at high AOA, Technical Support Packages have provided an insightful grasp of the vast investments 
NASA has placed in varied studies which expand horizons of both knowledge and industrial possibility. 

Numerous instances exist whereby technologies featured in NASA Tech Briefs have solved or are in the process of solving spe- 
cific problems. Most recently, the concept of propellers and fans based on the Mobius Strip (July 1996) has generated tremendous 
interest. With the standard, constant-speed aircraft propeller remaining virtually unchanged for nearly 60 years, the thought that air- 
craft may be more efficient through applying an extraordinary concept is invigorating, serving as a prime example of how NASA Tech 
Briefs has improved our vision. 

While further noteworthy Tech Briefs dividends come to mind, the advertising platform provided is nearly as important as research 
results. From state-of-the-art software to latch producers, a cornucopia of companies is provided within every issue. Stavatti has 
acquired many featured products, including FEA packages and advanced composites. In conjunction with NASA Tech Briefs, the 
Technology 2005 exposition provided the impetus for Stavatti to establish agreements with power plant suppliers, material proces- 
sors, and subcomponent assembler alike, while forever refracting how we see aircraft canopies. 

As its predecessor, NACA, which produced aerodynamic information dear to Stavatti, NASA Tech Briefs has provided a means by 
which the outcome of research may result in spinoffs down many roads, be it the highway where cars find greater efficiency, or the 
shopping aisle where mothers find Tang. 

Christopher R. Beskar 
Stavatti Corp. 

Eagan, MN 
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The advances of humanity are like stones tossed into a pond - explosive advances from an idea whose time has come, followed 
by a series of ripples as that idea spread around the world. The steam age was bom by a revolutionary idea, and the ripples spread 
as that idea was applied around the world. The same was true of the industrial age, the space age, and now the information age. 
Many times such ripples found fertile ground for other uses which the original inventor never imagined. The first steam engines were 
used to pump out mines; later they were applied to boats, trains, other power plants, adapted into steam turbines, even turbine- 
powered Indy race cars, and possibly for space applications. Such is the power of synergy and adaptability. Such is the power of 
spinoffs illustrated by space age answers laterally jumping to solve dilemmas in other fields. 

In all the ages, the fact that knowledge is power has proven itself over and over again. In companies around the world, the vision- 
aries of tomorrow have worked to turn their dreams into realities. In the two decades I have been reading NASA Tech Briefs , I have 
witnessed some of these brightest of visionaries. They have opened their DaVinci notebooks, displayed their Michelangelo drawings 
and sculptures, shared their Einstein theories for all the world to see. 

Every year in the companies I have worked for, we have pushed the envelope: in aircraft, medical devices, spacecraft, power sup- 
plies, radar, fuel systems, control systems, and submarines. Many of these advances have come from the pages of NASA Tech Briefs ; 
directly, from new materials, advanced composites and plastics, sensors, computer hardware and software, and electronics; and indi- 
rectly, from new theories, methodologies, and approaches. Further, I know that no one would claim we have reached the end of 
advances in any of these companies. We look forward to seeing the advances in the areas I have already mentioned. Furthermore, 
we look for advances that will drive innovations in lasers, optics, manufacturing and fabrication, robotics and automation, biomed- 
ical, and CAD/CAE during the next two decades. 

Even in times of tight budgets can any company in America afford to neglect the free research and development of ten separate 
NASA Tech Service Centers. Even in times of tight budgets, we have always sent someone to the Technology 2000 national tech- 
nology transfer conferences and the benefits have lasted throughout the year and beyond. Although our department has never 
formed partnerships or licensed NASA technologies, we could not have advanced as rapidly as we have without the information from 
the Technical Support Packages. 

I have seen companies flourish because of the collective intelligence of its people. This collective intelligence forged with new infor- 
mation and knowledge - for instance, from NASA Tech Briefs - causes innovation to flourish. This growth in innovation causes com- 
panies to flourish. It’s a simple equation. It's a self-evident answer for American companies facing a world of competition. 


Chet Novak 
Simsbury, CT 



Visual perception is one’s sense of spatial reality. Without vision there can merely be the graze of a presence that is lacking in form. 
It was during Technology 2005 that this became dramatically apparent to me. Moderating two Power and Energy sessions made me 
embarrassingly aware of what losing a small portion of one’s vision can do. While reading speaker introductions, I found myself stum- 
bling over unfamiliar technical terms, due to a vision impairment (maculopathy), with which it is possible to see only part of a word at 
a glance. Fortunately, there was help to be found at a NASA Technology 2005 exhibit. Technologies Benefiting People with Disabilities 
showed a way to overcome this: the Low Vision Enhancement System (LVES) developed by NASA and now being manufactured by 
the Visionics Corporation of Golden Valley, MN. 

Many now using the LVES portable prosthesis are able to do productive and competitive work alongside their colleagues. It has 
since been further embellished by a system that maps sensed images onto what remains as usable field on the retina. An article, 
“Patterned Video Sensors for Low Vision," which appeared in NASA Tech Briefs (May 1996), described this project. The develop- 
ment of a prosthesis using non-Cartesian patterns of photoreceptors is further portrayed in NASA’s Technical Support Package from 
that brief. 

Having studied the support package, I came upon an idea that could help ophthalmologists diagnose and follow maculopathy 
development, and to prepare photoreceptor patterns for a visual prosthesis. Using my electronic-imaging engineering background, I 
was able to devise a cathode ray tube (CRT) visual tester that would show an ophthalmologist the shape, placement, and intensity 
of blind spots located on a patient's retina. This is something only a patient can see. and the CRT tester brings it more perceptibly 
to the patient’s awareness. The patient, having delineated this information, allows a doctor to diagnose, trace maculopathy develop- 
ment, and prescribe a suitable prosthesis when laser treatment is not an option. 

My own ophthalmologist is presently judging the feasibility of the first sample of the CRT tester, and upon this evaluation, a pilot 
run of CRT testers will be manufactured for other ophthalmologists to use and assess. A return of pliable vision to heretofore pro- 
ductive workers looms on the horizon, thanks to licensed NASA technology, NASA Tech Briefs, Technical Support Packages, and 
the Technology 2000 national conferences. Many technological advances such as this surely will follow those who read NASA Tech 
Briefs, as I have been doing for the past 15 years. 

Roy L. Ruth 
Dotronix, Inc. 

Eau Claire, Wl 
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“The major influences from 
NASA Tech Briefs stem from the com- 
puter programs and electronic compo- 
nents and circuits presented monthly. 
Device fabrication and processes have 
played a major role in my career and 
generated unprecedented freedom in 
selecting simulation and building blocks 
for better designs. We have all benefi- 
ted from the wealth of knowledge writ- 
ten in these publications. The helmet my 
daughter uses while riding her bicycle 
evolved out of the work of NASA scien- 
tists. The vehicles we drive are protect- 
ed on the outside with space-age poly- 
mers in the waxes we use, and engi- 
neered on the inside with technologies 
and products revealed in detail in the 
New on the Market section. The NASA- 
sponsored Technology 2000 confer- 
ences have benefitted many companies 
and most important, the transfer of tech- 
nology among their employees.” 

Richard K. Kirchner 
Computing Devices International 
Bloomington, MN, 12-year reader 
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“As senior scientist for Litton 
Industries/Aero Service Corporation, I 
was engaged in both air- and space- 
borne remote sensing. This specializa- 
tion included assignments as a principal 
investigator for NASA’s SIR-B radar pro- 
gram and responsibility for application of 
NASA’s SST-borne large format camera. 
My conscience has me hoping that I 
gave Tech Briefs sufficient credit for the 
numerous times I extracted timely, perti- 
nent articles and data on these two sub- 
jects in my dealings with my manage- 
ment, co-workers, and clients." 

Allen M. Feder, Ph.D., retired 
Mobile, AL, 20-year reader 
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“My research was focused on 
the production and characterization of 
magnetically confined plasmas, and 
our experiment incorporated many of 
the generic components of any 
physics laboratory, from optics to 
pulsed power to gas handling to vacu- 
um systems. In my monthly issue of 
NASA Tech Briefs, I could count on dis- 
covering an innovative solution to a 
problem analogous to one which I was 
facing in the laboratory, particularly in 
the area of mechanical design. Over 
the past several years, I have repeat- 
edly passed along suggestions to col- 
leagues about novel sensors, compu- 
tational algorithms, and diagnostic 
techniques, leaving them ragged, torn 
articles in their mailboxes with a hand- 
written scribbled note saying, 'I found 
this in NASA Tech Briefs and it might 
help you out.’" 

Jack Shlachter 
Los Alamos National Laboratory 
Los Alamos, NM 
17-year reader 


“For my personal career as a sci- 
entific executive and presently as an 
independent consultant in radiation 
physics and environmental public health, 
what has been of more decisive signifi- 
cance than the acknowledged utility of 
particular devices and technologies has 
been the knowledge of the broad spec- 
trum of advances made accessible by 
work in NASA and other national labora- 
tories, as well as private industry. With 
respect to the latter, one cannot overesti- 
mate the value of the superb detailed cat- 
alogs and literature available to readers. 

“As an early patent holder in the 
applied optics area, a patent for the 
laser photocauterizer used in treating 
ocular disorders and one for generating 
laser action with nuclear power genera- 
tors, I find that the Laser Tech Briefs 
supplement is the most compact and 
informative source for keeping abreast 
of this specialized accelerating field.” 

Leonard R. Solon 
Consultant, Hopewell Junction, NY 
1 0-year reader 
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“The biggest value of NASA Tech Briefs is its diversification of topics. It is like hav- 
ing a complete, yet dynamic, design tool box. Typical of this concept is how on a design 
some 16 years ago, a precision zero slip mechanical ball and disc integrator had to be 
developed. Conceptual design was not that difficult, but building and then mass producing 
it presented a few challenges. Almost as if on call, NASA Tech Briefs provided materials and 
mechanics topics that were applicable. 

“The design experience was followed later by a new challenge requiring a design and 
manufacture of an electron beam lithography tool, which was then at the leading edge 
of micro chip production and a new industry. Cost-effective producibility of an electron 
beam lithography tool was critical. It was the availability and utilization of some topics 
identified in NASA Tech Briefs that expedited implementation of fabrication 
of the tool.” 

Jerome Charles Zajic 
PSPI Inc. 
Homosassa, FL 
20-year reader 


Some Excerpts from Your Letters 


What makes NASA Tech Briefs unique 
is that information is presented in a way 
which facilitates the transfer of insights 
from one industry to another. The ability to 
view problems and opportunities from a 
range of perspectives and to transfer ideas 
from one field to another will become 
increasingly important in the future. " 

Robert Schechter 
New Canaan, CT, 10-year reader 


u As a result of reading NASA Tech 
Briefs, / can truthfully say that technolo- 
gies and products featured in the maga- 
zine have enabled my company to simpli- 
fy the design and manufacturing of 
equipment that we make for the motion 
picture industry. ” 

Randall L. Weatherington 
Mojave, CA, 5-year reader 


7 consider NASA Tech Briefs to be the 
major link between scientific research at 
its highest level and the general business 
sector. NASA Tech Briefs inputs and 
influences a professionalism required in 
today's industrial millennium. m 

Larry R. Lambert 
Maremont Exhaust Products 
Loudon, TN, 3-year reader 

(continued on page 32) 
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There are a number of reasons this 
HP DMM outperforms a Fluke. 



Rck any number you want 


Features & Functions 

HP 34401A 

-Fluke 8842A/059 

Measurement Functions 

12 

5 

Programming 

Languages 

Fluke 8&40A/42A, 
SCPI, HP 3478A 

Fluke 8840A/42A 

Internal Storage 

512 readings 

none 

Interfaces 

HP-IB, RS-232 

GP-IB 

Warranty 

3 Years 

2 Years 


Price & Performance 

HP 34401A 

Fluke 8842A/059 

Digits 

6’A 

5’A 

Price 

$995* 

$1650** 

Speed (direct to HP-IB) 

1,000 rdgs/sec 

100 rdgs/sec 

dc 1 Year Accuracy 

0.0035% 

Q 0030% 

ac 1 Year Accuracy 

0 06% 

0.08% 

ac Bandwidth 

3 Hz to 300 kHz 

20 Hz to 100 kHz 


The numbers are clean 
you get performance 
within budget, without 
compromise. 

For less than the cost of 5/2 
digits from Fluke, you can have 
the digit HP 34401A. And 
with more than twice as many 
measurement functions, you’ll 
have more ways to tackle your 
test challenges. 

Looking for speed? Technology 
leveraged from our market- 
leading HP 3458A %'h digit DMM 
delivers up to 1,000 readings 
every second. That’s up to 10 
times faster than the Fluke. 

Add up the numbers. . . lower 
price, higher performance, more 
capability, plus a longer warranty. 


Now the only other number 
you need is the one on our 
telephone. 

Call HP DIRECT and discuss 
your application with an 
experienced engineer who 
understands the measurements 
you need to make. We have 
hands-on experience with 
HP instruments, and we can 
help with everything from 
comparing specs to solving 
specific test needs. And 
ask about HP 34812A 
BenchLink Meter software, 
a $295* solution that makes it 
easy to transfer data from your 
HP 34401A DMM to a PC. Use 
its built-in temperature conver- 
sion routines to turn your HP 
34401A into a single-channel 
data acquisition solution. 


it 


Call me at HP DIRECT 
to discuss the best DMM 
for your application, 
l-800-452-4m, 

Ext .5007” 

Check out our 
on-line HP Basic 
Instruments 
(Bl) Catalog 
at http^/www. 
hp.com/info/bil() 

Faxback: 

1- 800 -800- 528 L, 

Document 
81225 

• U S. tat price aa of 1AXJ 
“ Price includes GP-IB and ac options. 

All Plukr prices aid specifications a fe as of 7AJ6. 

There is a better way. 
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(continued from page 30) 

7 find that understanding airflow in 
internal conduits is interesting and chal- 
lenging. I am fortunate enough to work 
as a technician in the airflow room of a 
large diesel engine manufacturer. I have 
used several ideas gleaned from the 
magazine in my job, including making a 
smoke generator that uses propylene 
glycol that was based on an article in 
Tech Briefs . " 

Fred L. Cailey, Batavia, IL 
4-year reader 


“NASA Tech Briefs has provided more 
than just stimulating ideas over the years. 
Many a new product or, I should say, 
products which I was not aware of before 
I saw their ads in “NASA Tech Briefs have 
helped solve design problems on pro- 
jects on which I was working at the time. 
For example, finding a source for 
mechanical drive system parts from 
Stock Drive Products helped solve some 
system design challenges . " 

Richard Baack 
Baack Precision Electronics 
Weatherford, TX, 16-year reader 


7 work for a major airframe manufac- 
turer and have been reading “NASA Tech 
Briefs for over 10 years. During this time, 
the information contained in the maga- 
zine has been instrumental in helping me 
obtain a patent, with two more pending. 
Not only has the information been bene- 
ficial personally, but it has aided in solving 
some problems in manufacturing 
processes, as well as helping our outside 
subcontractors. The results have always 
proved to improve quality, reduce weight 
and manufacturing costs, and eliminate 
re-work. 

7 believe that the one thing to note is 
the technology transfer that NASA Tech 
Briefs promotes. This was quite evident 
at the Technology 2005 conference held 
in Chicago last year. As a direct result of 
the conference, with the active displays, I 
was able to gather information that will 
prove beneficial to the U.S. Army for a 
composite repair program tentatively 
scheduled for this coming year. This is 
just one of the future developments that 
will be achieved through the attendance 
at the conference and the information 
released through NASA Tech Briefs. " 

M.A. Williamson, The Boeing Co. 

Seattle, WA, 10-year reader 


"NASA Tech Briefs provides a window 
into the future of technology that will 
impact our nation and the world. Each 
article contribution is equally important. 
The magazine is not about the nuts-and- 
bolts of the specific reports; it is a banner 
of dedicated people applying science and 
technology in the hope of making a con- 
tribution to improving our country and 
world society for future generations. ” 

Chris Nawalaniec 
Cincinnati, OH, 5-year reader 


1 The technology and new product inno- 
vations featured over the years have cre- 
atively inspired some future concepts and 
product developments. It also has helped 
me to envision new ways to approach a 
unique product or problem. For example, 
a recent article, ' Simulation of a Thermal 
System / (August 1996) discussed digi- 
tal/analog system simulation. After read- 
ing this article, it inspired me to simulate a 
thermal system without the initial expense 
and time of building a new one . " 

Vincent A. Miraglia 
Analog Design Group 
Westwood, NJ, 3-year reader 
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Cast Your Vote for 

#Tech Briefs 

Second Annual Product of the Year Award 


Each issue of NASA Tech Briefs highlights the Product of 
the Month - a new product in each issue with exceptional 
technical merit and practical value to our readers. 

This month, NASA Tech Briefs readers are invited to vote 
for the one product among those highlighted this year that 
you feel is the most significant new product introduced for 
the engineering community in 1996. The product with the 
most votes will be awarded NASA Tech Briefs' 1996 Product 
of the Year. 

Last year, NASA Tech Briefs readers awarded co-honors to 
Autodesk’s CD-ROM Mechanical Library and SolidWorks 95 
solid modeling software from SolidWorks. 


Here is your chance to choose this year’s winner. On the 
facing page are descriptions of each of the Products of the 
Month and the issues in which they appeared. Choose the ONE 
product you feel should receive Product of the Year honors, 
and indicate it on the ballot below. Fax or mail this completed 
ballot by January 15, 1997 for your vote to be counted. 

The first 100 voters will receive a free CD-ROM, “NASA 
Solutions— Sharing Aerospace Technology with America” 
($250 value), featuring searchable databases and computer 
programs representing the best of NASA technology over the 
last decade, as well as NASA patents and technical reports. 

The Product of the Year will be announced in the March 
1 997 issue. 


1996 NASA TECH BRIEFS PRODUCT OF THE YEAR BALLOT 


Indicate your ONE choice for 1996 Product of the 
Year by marking an ‘X’ in the appropriate box. Fax or 
mail your completed ballot by January 15, 1997 to 
Linda L. Bell, Chief Editor, NASA Tech Briefs, 317 
Madison Aye., New York, NY 10017; Fax: 212-986-7864. 


NAME 


COMPANY 
ADDRESS 
CITY 


STATE 
ZIP - 


PHONE- 
FAX — 


E-MAIL 


Mark an ‘X’ in the box next to your choice for NASA 
Tech Briefs 1996 Product of the Year. 

(CHECK ONLY ONE BOX!) 


□ January: Intergraph Corp. - Solid Edge CAD software 
for mechanical assembly and modeling. 

□ February: Silicon Graphics - Onyx Infinite Reality 
visualization supercomputer 

□ March: FieldWorks - FW7600 Field Workstation 
rugged laptop computer 

April: Withdrawn 

□ May: Interactive Process Controls - SensorPulse 
generic analog signal processors 

□ June: Nomadics - Modular instruments 

□ July: Fluke Corp. - ScopeMeter B dual-channel test tool 

□ August: Knowledge Revolution - Working Model 3D 
virtual prototyping & design software 

□ September: Software Partners/32 - SafetyPosit data 
backup service 

□ October: Computervision - Electronic Product Definition 
(EPD) software tool suite 

□ November: LeCroy - Digital oscilloscopes 

□ December: Matra Datavision - Euclid Quantum 
software tools 
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January Product of the Month 


February Product of the Month 


March Product of the Month 


Solid Edge™, new CAD 
software for mechanical 
assembly and part model- 
ling from Intergraph Corp.. 
Huntsville. AL. was devel- 
oped specifically for Win- 
dows® 95 and Windows NT™ operating sys- 
tems. It addresses fundamental mechanical 
design issues involving parts systems, such as 
part-to-part interface, interference, and assem- 
bly configuration. Solid Edge includes object 
finking and embedding data server software that 
enables the user to link, view, and locate models 
created with other CAD systems. It also incorpo- 
rates Spatial Technology’s ACIS® solid-modelling 
kernel for advanced 3D mechanical design. It is 
priced at $5995. 




Silicon Graphics. Mountain 
View. CA. has introduced Onyx 
InfiniteReality™. a visualization 
supercomputer that simultane- 
ously processes graphics, 
imaging, and video data in real 
time. Delivering more than 10 
million polygons per second, the system pro- 
vides 5 GFLOPS for image processing and 
downloads 200 MB of data per second into a 
visualization pipeline. The system enables cre- 
ation of virtual 3D characters. 3D imaging, and 
volume rendering, and incorporates geospecific 
texturing for realism in visual simulation and high- 
end CAD applications. The computer supports 
from two to 24 MIPS® R4400™ processors and 
64 MB to 16 GB of memory. 


■ FieldWorks, Eden Prairie, 
MN. has introduced the 
FW7600 Field Workstation™ 
rugged laptop computer, 
which features 100 MHz 486 
or Pentium processors. The 
computer operates on AC, 
battery, or 12V DC input 
power and includes multiple 
slots: one PCMCIA slot and three ISA slots for 
the standard model; one PCMCIA plus three 
ISA or three PCI slots (or any combination of the 
two) for the Pentium model. It weighs 14.7 
pounds, and features a sealed Field MousePad 
pointing/drawing device, integral CD-ROM 
drive, and a one-piece chassis that meets mili- 
tary standards for shock and vibration. 


May Product of the Month 


June Product of the Month 


July Product of the Month 



Interactive Process Controls Corp., 
South Easton, MA. has introduced 
a new family of SensorPulse™ 
generic analog signal processors, 
which replace analog input and 
output modules in programmable 
logic controllers (PLCs) by converting analog sig- 
nals to 12- or 16-bit data, and communicating 
the data to a PLC via a single digital I/O point. 
Any type of sensor can be used for machine and 
processor control with any PLC. PC or standalone 
application. SensorPulse’ s Intel-based processor 
works with thermocouples, strain gauges, poten- 
tiometers, frequency, current, and voltage over 
a wide analog range. Also included are signal 
conditioning and communications algorithms 
and preloaded software drivers fa ail major PLCs. 


Nomadics. Stillwater, OK, offers 
modular instruments, which use 
desktop, laptop, and handheld com- 
puters in conjunction with credit - 
card-sized plug-ins, allowing engi- 
neers to carry lightweight instruments a free up 
bench space. The instruments work with any 
computer equipped with a PCMCIA slot, and con- 



sist of a sensa interfaced to the PCMCIA card. Data 
does not need to be transferred to a computer fa 
processing, cfcpiay, a storage; it can be viewed in 
multiple real-time formats. Instrument functions can 
be integrated with other resident capabilities, 
such as communication via modem. Available instru- 
ment cards include a basic pH card kit; a pH logging 
system; a conductivity meter, a thermocouple data- 
logger and a six-chamel thermista datalogger card. 


Fluke Corporation, Everett, WA, has 
introduced the handheld Scope - 
Kft Meter® B 1 00 MHz dual-channel test 
tool, which features a cold-cathode, 
fluorescent backlit display that is 

ten times brighter than previous 

ScopeMeter displays. It incorporates a 5 MHz 
true-rms digital multimeter that allows users to 
view waveforms and meter readings simulta- 
neously. The unit features a 30k memory in 
ScopeRecord™ mode, allowing it to record and 
show events as long as 125 scope screens. The 
tool comes with a rechargeable NiCad battery 
pack, power adapter/battery charger, two 600V 
probes, test leads, probe set. and accessory case. 
Selected models include RukeView software, ser- 
ial interface cables, and a built-in signal generator. 


August Product of the Month 


September Product of the Month 


October Product of the Month 


za 


Knowledge Revolution. San Mateo. 
CA, has introduced the 3D version of 
Working Model® virtual prototyping 
and design software fa develop- 
ment and motion simulation of mechanical systems 
r Windows environments. Workrtg Model 3D™ fea- 
tures a point -and-dick user interface. CAD integra- 
tion, rapid simulation, and extends desktop engi- 
neering to both planar and spatial elements. 
Models can be created graphically, without spec- 
ifying values a equations. The program integrates 
modeling, simulation, and analysis and offers an 
array of 3D joints and constraints such as motors, 
actuators, rods, and springs. An automatic colli- 
sion detection feature in which solids interact, 
slide, and collide is provided, allowing users to 
model boxes moving over rollers a conveyas. 


■ Software Partners/32, Topsfield. 

MA, has introduced SafetyPosrt, 
a software-based data backup 
service that backs up irreplace- 
able data to a secure, remote 
storage site over an Internet 
connection. The storage vault 
can support up to 9 terabytes of 
data and includes a security fire- 
wall, a RAID server to receive backups, and a 
robotic tape library fa storage. A 128-bit data 
encryption system encrypts data before leaving 
the desktop, and it is stored in encrypted format. 
Only the user with the original key can read the 
data. Pricing ranges from $49.95 pa month fa 
100 MB of data to $395 pa month fa up to 1 
gigabyte of monthly new data. 



Computervision, Bedford, MA. 
offers Electronic Product Defin- 
ition software tool suite that en- 
ables the specification, concept, 
design, analysis, drafting, manu- 
facturing, and support of a complete product to 
occur simultaneously, and allows the product to be 
shared electronically. A digital model is created, 
displayed on screen, and made available anywhere 
in an enterprise fa developing, testing, and man- 
aging the product through its life cycle. Each par- 
ticipant interacts with the model without interfa- 
ing with what others are doing. Included in the 
suite are CADDS® 5 design automation software. 
Concurrent Assembly Mock-Up (CAMU), Qptegra™ 
enterprise data management software, and 
PELORUS™ -based design automation software. 


m 


November Product of the Month 

LeCroy, Chestnut Ridge, NY, 
has introduced the LC334 
and LC534 digital storage 
oscilloscopes, which feature 
9’ cotor CRT displays that 
allow signals to be viewed usrrg the entire screen, 
96 MHz Motorola PowerPC™ microprocessors. 
64 Mb of RAM, and 2 Mb of data acquisition 
memory pa channel that can be combined to 8 
Mb on a single signal. The four-charnel scopes 
offer acquisition memory up to 2 million points 
pa channel and feature 500 MS/s sampling on 
each channel. The scopes include diagnostic, 
troubleshooting, and documentation tools such 
as measurement of ova 40 signal parameters, 
worst-case analysis, and an enhanced math 
package. PCMCIA III capability is optional. 



December Product of the Month 

Matra Datavision, Andova. 
MA, has introduced Euclid 
Qjantum CAD/CAM/CAE and 
PDM software suite based on 
an object-oriented architec- 
ture. The suite includes Eudd 
Designa 3D modeling software for designers in 
concurrent engineering environments; Euclid 
Analyst, a what -if analysis environment for sim- 
ulation and model preparation; Euclid Machinist, 
for creating the best machining tool path for a part 
model; and Euclid Design Managa. which inte- 
grates and processes engineering data at all 
stages of the process cycle. The tour environments 
are linked through Eudd Desktop, which access- 
es extanal applications and provides fa data 
exchange. Package pricing begins at $9,900. 


April 

Product of the Month 
Withdrawn 
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Modeling/synthesis software 
enables robust control system 
design 
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Compressor design software 
can reduce development costs 

page 42 


Program predicts pump 
performance for analysis and 
conceptual design 

page 44 


Software provides 2D/3D 
interactive video displays of 
data and text 
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Software uses cause-and-effect 
analysis to define and solve 
engineering problems 
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Visualization software program 
uses CAD files to view 
3D designs 
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Mathematical systems analysis 
provided by Windows software 
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@ Software for Mathematical Modeling of 
Dynamics and Controls 

This software enables synthesis of robust multivariable control systems. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


The Modeling and Control Synthesis 
Toolbox (MACSYN) computer program 
is an integrated package of software for 
automated mathematical modeling, 
identification, and robust control 
design. MACSYN contains software 
modules for system identification (iden- 
tification and estimation of parameters 
of mathematical models of the dynam- 
ics of systems) and for representation 
of the bounds on uncertainty in the 
mathematical models, in forms directly 
useful in designing robust control sub- 
systems. Plants are represented in 
state-space form, while uncertainties in 
mathematical models are characterized 
in terms of weighting functions, the 
norms of which are bounded. MACSYN 
is written as programmable M-files in 
the MATLAB computing language. 
Going beyond simulation and analysis, 
MACSYN can process raw experimen- 
tal data to design a robust multivariable 
digital control subsystem that would 
provide an optimal combination of sta- 
bility and control performance in the 
presence of disturbances, noise, and 
uncertainties in the mathematical 
model of the plant. 

MACSYN is applicable to a plant 
characterized by multiple linear dynam- 
ical equations with time-invariant para- 
meters; the parameters can be initially 
unknown and can later remain uncer- 
tain to a degree, as described below. In 
a representative application, the plant 
could be a complex flexible structure 
like a large radio antenna equipped with 
rotary aiming actuators and/or transla- 
tional vibration actuators and sensors. 
One might use MACSYN to design a 
control system that would provide the 
required aiming performance while sup- 
pressing vibrations. 

The figure shows the major function- 
al blocks of a system as modeled 
mathematically in MACSYN. The 
dynamics of the plant can be charac- 
terized experimentally by measuring its 
output, y, while exciting it with a known 
multisinusoidal input excitation, u s . P 
denotes the true (and $t least partly 
unknown) plant, while P denotes the 
estimate of the plant (more precisely, 
the state-space representation of the 
plant with parameters estimated by 


MACSYN or by any other means). A a 
denotes the additive uncertainty in the 
estimate; that is, A a = P-P . C denotes 
the digital control subsystem. W d 
denotes a frequency-weighting filter 
that characterizes the effect of a distur- 
bance, d, on the plant output, y. 

For the purpose of designing the dig- 
ital control subsystem, it is desirable to 
introduce an additional weighting filter, 
W A , and to represent the additive 
uncertainty in the form A a = AW a where 
A is a norm-bounded perturbation, 
specifically, such that llAlloo < i and 
where 11*11 denotes the infinity norm of a 
mathematical operator. Then, typically, 
W A is incorporated into the control 
design to ensure robustness properties 
over the additive ; uncertainty set. MAC- 
SYN computes Pand W A such that, to 
a statistical confidence 1-k specified by 
the designer, P = P +AW a for some 
llAlloo < 1 . In the case of a plant esti- 
mated from measurement data, the 
additive-uncertainty set is called the 
“empirical plant set” and constitutes the 
set of plants that cannot be discounted 
on the basis of those data. Methods for 
the synthesis of robust control systems 
then can be used to find a design for C 
such that it yields the desired stability 
and performance for plants in the 
uncertainty set defined by P and W A . 

In MACSYN, an automated software 
framework simplifies the modeling and 


control-design procedure and enables 
the design of robust, high-performance 
feedback controls for plants that would 
otherwise be difficult to characterize 
and control reliably. Robust controllers 
designed with respect to empirical 
plant sets tend to be more reliable than 
are those designed with respect to less 
systematic or ad hoc specifications of 
the uncertainty set. 

Because MACSYN is based partly on 
the assumption that the plant is linear 
and time-invariant, some uncertainties 
and modeling errors may not be repre- 
sented in the empirical plant set in a 
case in which the plant behaves nonlin- 
early and/or with time-varying parame- 
ters. In such a case, the designer may 
wish to add extra uncertainty blocks to 
increase the robustness in the final con- 
trol design. Like any other design aid, 
MACSYN should be used with engi- 
neering judgment and is flexible enough 
to be usable in combination with other 
aids to obtain the best final control 
design. 

This work was done by Asif Ahmed, 
David S. Bayard, Richard Y. Chiang, 
Edward Mettler, and Robert E. Scheid 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 58 on the TSP Request Card. 
NPO-19408 



This Graph Represents the Relationships among subsystems and components within an 
overall system as modeled mathematically in MACSYN for the purpose of designing a robust 
controller, C. 
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•I Software for Integration of Multidisciplinary 
Design Efforts 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The Multidisciplinary Integrated 
Design Assistant for Spacecraft (MIDAS) 
computer program is undergoing devel- 
opment to satisfy a need for software 
that would aid multidisciplinary design 
efforts in a way that no other single piece 
of software does. When fully developed, 
MIDAS would reduce life-cycle costs by 
promoting the reuse of previously 
acquired design information and the 
sharing of design information among 
design-team members who work in dif- 
ferent engineering disciplines and/or use 
different application programs. MIDAS 
provides an inter-software-communica- 
tion capability for capturing design solu- 
tions from different application pro- 
grams, thereby providing a common vis- 


ibility for those solutions; it also man- 
ages communication, coordination, and 
cooperation among design-team mem- 
bers. MIDAS provides an intuitive, 
graphical-object-based execution envi- 
ronment, enables control and execution 
of computer codes independent of com- 
puter hardware and operating systems, 
accommodates the use of other soft- 
ware already in use, and is relatively 
inexpensive. MIDAS has been tested on 
UNIX workstations and on Macintosh- 
compatible computers, and is planned 
for IBM PC-compatible computers. 

This work was done by John C. 
Peterson, Julia R. George, and Samuel 
N. Southard of Caltech for NASA’s Jet 
Propulsion Laboratory For further 


information, write in 25 on the TSP 
Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing hghts for its commercial use should 
be addressed to 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19649, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


•I Program for Multidisciplinary Finite-Element Analysis 

Dryden Flight Research Center, Edwards, California 


STARS is a highly graphics-oriented 
computer program for multidisciplinary, 
finite-element-based, linear and nonlin- 
ear analysis. Its range of application 
includes structural analysis, heat trans- 
fer, linear aerodynamics, computational 
fluid dynamics (CFD), and controls 
engineering. It provides extensive 
graphics capabilities for convenient 
development of mathematical models 
as well as for postprocessing of analy- 
sis results. Examples of advanced 
NASA-Dryden Flight Research Center 
projects analyzed by STARS include X- 
29A, F-18 HARV/TVCS, B-52/Pegasus, 
Generic Hypersonics, NASP, SR-71, 
and the high-speed civil transport 
(HSCT), among others. 

STARS is composed of modules that 
are fully integrated to yield unique mul- 
tidisciplinary modeling and simulation 
capabilities. The SOLIDS module is 
capable of analyzing static, stability, 
vibration, and dynamic-response prob- 
lems for a wide variety of structures, 
including spinning structures subjected 
to mechanical and/or thermal loading. 
It can also perform both linear and 
nonlinear analyses. An extensive 
element library contains information on 
one-, two-, and three-dimensional 
elements, including composite-materi- 
al and sandwich elements, with gener- 
al material properties. Structural as 
well as viscous damping can be in- 
cluded in analyses. 


The SOLIDS HEAT TRANSFER mod- 
ule provides STARS with its capabilities 
for analysis of thermal conduction. Both 
steady-state and transient conditions 
can be analyzed, and nonlinear effects 
can be included. The element library of 
this module contains information on 
line, shell, and solid elements (including 
composites). 

The AEROELASTIC and AEROSER- 
VOELASTIC modules are capable of 
predicting the stability characteristics of 
aircraft and spacecraft structures. 
These modules can be used in con- 
junction with the SOLIDS module. For 
instance, once a vibration analysis has 
been performed by use of SOLIDS, 
STARS can determine the flutter and 
divergence characteristics and can 
perform open- and closed-loop stabil- 
ity analyses. 

The CFDASE module provides a 
capability for nonlinear aeroelastic 
and aeroservoelastic analysis. It 
enables effective computation of 
unsteady aerodynamic forces by use of 
both finite-element-based structural 
and CFD techniques. The associated 
PROPULSION module employs CFD 
techniques for simulation of flow- 
mixing phenomena. 

A preprocessor submodule enables 
the automated generation of nodal, ele- 
ment, and other associated input data 
for any continuum. It is capable of gen- 
erating complex structural forms 


through duplication, mirror-imaging, 
and cross-sectioning of modular repre- 
sentative structures. This submodule 
also includes a capability for fully auto- 
mated generation of three-dimensional 
meshes. Two postprocessor submod- 
ules provide extensive color plotting of 
various structural, heat-transfer and 
CFD-related results. 

STARS includes utility software for 
translating NASTRAN and MSC/NAS- 
TRAN input data for structures into 
STARS input data. NSTARS transforms 
the Bulk Data portion of the NASTRAN 
input file. Specifically, it can translate 
defining coordinate systems, grid 
points, grid-point constraints, rod ele- 
ments, bar elements, triangular and 
quadrilateral shell elements, composite 
shell elements, tetrahedral and hexahe- 
dral solid elements, material properties, 
and distributed mass loads. 

STARS is written in FORTRAN 77 for 
IBM RS/6000 workstations running AIX 
3.2.x or 4.x and is available as exe- 
cutable code only. STARS has been 
successfully implemented on an IBM 
RS/6000 590 computer running AIX 
3.2.5 and an RS/6000 550 computer 
running AIX 4.1.4. The graphics-based 
postprocessor submodules require 
both an IBM three-dimensional GT 
graphics adapter and IBM’s graPHIGS 
library. STARS requires approximately 6 
MB of disk space for installation of pro- 
gram executable codes; the disk 
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A MATLAB plot of a lookup table provides visualization of a correction surface for 
manifold pressure as a function of engine speed. 


Integrated Control 
Design and Simulation 

Add SIMULINK* to MATLAB 
for dynamic system simu- 
lation. Simply drag-and- 
drop icons to build block 
diagrams graphically. 

The Fixed-Point 
Blockset enables you to 
analyze quantization 
effects using 8-, 16-, 
or 32-bit word lengths. 

Instant C Code for 
Real-Time Implementation 

Real-Time Workshop” lets 
you generate C code from 
SIMULINK block diagrams 
to run on your embedded 
system hardware. 


MATLAB Tools 

for Control Engineering 

Powerful, fast, and 
interactive — MATLAB is 
the best connection 
between advanced control 
concepts and product 
design. 

Matlab lets you 
quickly design and evalu- 
ate alternate control strate- 
gies by providing integrat- 
ed tools for modeling, 
algorithm development, 
simulation, and automatic 
code generation. 



At Chrysler, 

engineers use MATLAB for 
development of advanced powertrains. 
Photo of Dodge Viper R/T10 Roadster, 
courtesy of Chrysler Corporation. 


Using MATLAB for 
simulation and control 
design is easy 
For generating real-time 
code, it’s automatic. 



SIMULINK Automotive Examples booklet. Call for your copy. 


MATLAB 

for Control Design 

MATLAB 

SIMULINK 

Real-Time Workshop 

Fixed-Point Blockset 

Advanced Control 
Design Toolboxes 

methods from 
PID to fuzzy logic 


Send for a Free 
Information Kit 


Contact us for a free 
control design technical 
kit that includes 
our Guide 
to Rapid 



Prototyping \ 
and our 

SIMULINK Automotive 
Examples booklet and 
disk: 

(508) 647-7000 


Or fax your request: 

(508) 647-7101 


Visit our web site: 
http://control.mathworks.com 



Employment opportunities: 

http:y/www.mathwrks.con^ncwjobsJuinl 


Die MofhWorks, Inc • 24 Prime Pork Way, Notick. MA 01 760 • tel (508) 6477000 • fox: (508) 647-7101 • e mail: mfo®mattworki.com • http //www.mathworks.toni 

The Math Worts 6 represented n Australia: - 61-2-9922-6311 • Brazil: ♦ 56-11-816-3144 • Czech Republic: ♦ 42-2-6844-174 • Franc*: ♦ 01-41-14-67-14 • Germany/ Austria: ♦ 49-241470750* WU: * 91-005-549338 • Israel: ♦ 972-3-561-5151 
Italy: *39-11 -24-86-332 . Japan. ♦ 81-3-5978-5410 • Koras: * 82-2-517-1257 * New Zealand: - 64-7-8309102 • Poland: * 48-12-17-3348 • Scandinavia: * 468-15-30-22 • Singapore/Maiaytia: * 668424222 • South Africa: ♦ 27-1 1403-2695 
SpanvPortugat: ♦ 3449)34154804 • Switzerland: ♦ 41-31882-0296 • Taman. * 888-2-5018787 • United Kingdom: * 44-1223423-200 • In Benelux, c M Cambridge Control, Ltd: * 31-738406214 or Scientific Software: * 31-182-53-7844 

O 1996, The Mamworts Inc. Al Rights Reserved MATLAB, SIMUUNK. end other products are registered trademarks and trademarks of The Math Works. Inc. 

For More Information Write In No. 645 






spaces needed to accommodate input 
and output data for extensive test prob- 
lems are about 3 and 12 MB, respec- 
tively. The standard distribution medium 
for STARS is one 0.25-in. (6.35-mm) 


streaming-magnetic-tape cartridge (Sun 
QIC-24) in UNIX tar format. Alternate 
distribution media and formats are avail- 
able upon request. STARS was released 
in 1996. 


This program was written by K. K. 

Gupta of Dryden Flight Research 
Center. For further information, write in 
78 on the TSP Request Card. 
DRC-95-37 


4 Software for Optimizing a Multistage Axial Compressor 

This software can accelerate the design cycle and reduce the cost of development. 

Lewis Research Center, Cleveland, Ohio 


An integrated computer code for opti- 
mizing the design of a multistage axial 
compressor incorporates two preexist- 
ing codes — (1) UDO300M, which 
mathematically models axisymmetric 
flow by use of a streamline-curvature 
procedure; and (2) Automated Design 
Synthesis (ADS), which is a general-pur- 
pose optimization program. In a typical 
case, the integrated code takes less 
than 2 hours of central-processing-unit 
time to arrive at a design that is optimum 
in the sense that it maximizes the overall 
isentropic efficiency of the compressor. 
Thus, the integrated code can reduce 
both the design-cycle time and the cost 
of development. 

In the integrated code, pressures and 
solidities on the trailing edges of rotor 
blades and flow angles and solidities on 
the trailing edges of stator blades are 
considered as design variables. The 
design problem is posed as a con- 
strained optimization problem by limiting 
(1) diffusion factors at all radial stations 
in a row of blades and (2) the surge-mar- 
gin-capacity parameter of each stage. 
These limits are established on the basis 
of the experience of compressor-design 
engineers. Only a few control points 
along the trailing edge of each blade are 
chosen as design-variable stations, and 
the values of the design variables at 
other radial stations are obtained 
through cubic-spline interpolation. 

UDO300M solves the momentum and 
continuity equations in the meridional 
plane, determining the streamline distri- 
bution that satisfies these equations plus 
specified constraints. In the streamline- 
curvature procedure, a computational 
mesh is formed by the intersection of the 
defined computational stations with the 
computed streamlines, the locations of 
which are determined iteratively. Initially, 
streamline locations are estimated. On 
the basis of this estimate, the flow with- 
in the compressor is computed. The 
estimates of the streamline locations are 
then revised by use of the computed 
flow. This procedure is repeated until the 
streamline pattern is correct to within a 
tolerance specified by the user. 


UDO300M fundamentally consists of 
two sections — a blade-geometry-def- 
inition section and an aerodynamics 
section. The aerodynamics section can 
be run in either an analysis or a design 
mode. In the design mode, the user 
specifies the radial distributions of total 
pressure, total enthalpy, absolute 
angular momentum, or absolute whirl 
velocity at each computing station 
common to the blades in each row. In 
the analysis mode, the relative-flow- 
angle distribution at each station is 
specified either directly or via specifica- 
tion of the blade-angle and deviation- 
angle distributions. Losses for each 
blade row can be specified and held 
constant or recalculated and updated 
as the computation proceeds. 

A design pass consists of one aero- 
dynamical analysis plus at least one 
computation to define blade geome- 
tries. A single computer run can include 
multiple design passes, in which case 
multiple aerodynamical analyses are 
performed. Multiple blade-definition 
computations are performed if more 
than one blade row is being designed or 
if a single blade row is being designed 
with multiple design passes. 

Optimization of design is effected by 


an algorithm that implements a modified 
version of the method of feasible direc- 
tions, handles the constraints directly, 
and performs polynomial interpolation. 
The optimization procedure includes a 
computation of gradients by a finite-dif- 
ference technique that is implemented in 
ADS. The optimization procedure is initi- 
ated via interface software in the form of 
a Unix shell script that is written for one 
function evaluation and is rerun auto- 
matically until values computed on suc- 
cessive iterations converge. Each func- 
tion evaluation consists mainly of gener- 
ating the UDO300M input, calling the 
optimization algorithm, and postpro- 
cessing the UDO300M output. 

The integrated code has been 
demonstrated by applying it to the 
design of a four-stage compressor with 
one guide vane, four rotors, and four 
stators. The results of the computation 
showed that the isentropic efficiency 
could be increased by 1 .2 percent rela- 
tive to a baseline value (see figure). 

This work was done by D. R. Reddy 
of Lewis Research Center and E. S. 
Reddy of NYMA, Inc. For further infor- 
mation, write in 6 on the TSP Re- 
quest Card. 

LEW- 16288 



Number of Iterations 


Only Five Iterations were needed to converge on a modified, optimum design for a four-stage 
compressor with an isentropic efficiency 1 .2 percent greater than that of the baseline design. 
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FOR 


i 


MECHATRONICS 


Transient solutions for 

ELECTROMECHANICAL SYSTEM SIMULATION 


T? \ yf Q Q is a technology breakthrough in the design and 
U/IVIOO analysis of electromechanical systems. This leap in 
technology combines finite element analysis (FEA), mechanical 
dynamics and electronic circuit equations in a comprehensive, easy- 
to-use software package for electrical and mechanical engineers. 


With EMSS, electromagnetic devices designed with Ansoft's 
Maxwell software are simulated under true operating conditions. 
Voltage and current excitations from the drive circuitry 
combined with electrical and mechanical loads and mechanical 
motion are accurately simulated on MS Windows based PCs 
and Unix workstations. 

Ansoft, the leader in electromagnetic analysis, has bridged the 
gap between electrical, mechanical and electronic engineers 
with one easy-to-use software package that drastically reduces 
time to market. Applications include: solenoids, transformers, 
sensors, and a host of other electromechanical devices. 



EMSS includes a schematic capture module to drive transient 
simulations, offering graphical editing of electrical circuit 
models with automatic node numbering. The equivalent 
electrical circuit can be solved in either Maxwell SPICE or 
exported to Analogy's Saber format. 


n 


Once the circuit has been defined and solved, the results can be 
viewed in the signal post processor. Magnetic FEA simulations 
need only be completed once and used for both initial conditions 
and time domain simulations - saving critical design time. 


Take the leap, can 412-261-3200 

for a FREE 30 day evaluation package. 




9-Q- " 


Ansoft Corporation 
Pittsburgh. PA 15219-1119 USA 
TEL (412) 261-3200 
FAX (412) 471-9427 
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Internet: EMinfo@ansoft.com 
http: //www.ansoft.com 


For More Information Write In No. 626 






#j Program Estimates Lifetimes and Reliabilities of 
Gear Trains 

Lewis Research Center, Cleveland, Ohio 


TLIFE is a computer program that 
estimates the lifetimes, dynamic capaci- 
ties, and reliabilities of aircraft transmis- 
sions, enabling optimization of transmis- 
sions at the design stage of develop- 
ment. Optimization at this stage offers 
the promise of improved capabilities and 
service lives with affordable develop- 
ment costs. Transmissions that are 
lighter, smaller, and longer-lasting than 
present transmissions will improve over- 
all aircraft performances. 

The reliability and life analyses per- 
formed by TLIFE are based on the two- 
parameter Weibull-distribution lives of 
the component gears and bearings. 
Either the SI metric or the English sys- 
tem of units can be used. A variety of 
transmissions can be analyzed; these 
include spur, helical, and spiral bevel 
reductions and series combinations of 
these reductions. The basic spur and 
helical reductions include single-mesh, 


compound, and parallel-path plus 
reverted star and planetary gear trains. A 
variety of straddle and overhung bearing 
configurations on the gear shafts are 
possible, as is the use of a ring gear for 
output. The spiral bevel reductions 
include single- and dual-input drives 
with arbitrary shaft angles. 

The program output describes an 
overall transmission and each con- 
stituent transmission, its components, 
and their locations, capacities, and 
loads. Primary output includes the 
dynamic capacity and the 90-percent- 
reliability and mean lives of the unit trans- 
missions and the overall transmission. 

TLIFE is written in FORTRAN 77 to be 
machine-independent. It has been suc- 
cessfully implemented on the following 
computers: a DECpc 486DX/33 running 
DOS 5.0, a SUN Sparc workstation run- 
ning SunOS 4.1.3, a SUN Sparc work- 
station running Solaris 2.4, an HP 


9000/700 running HP-UX 9.03, a 
486DX/66 running Unux 1 .3.40, a DEC 
Alpha running OSF/1 v2.0, an SGI 
Indigo 2 running IRIX 5.2, a Cray Y-MP 
running UNICOS 8.0. 3. 4 and a 
MicroVAX running VMS 5.5_1 . The stan- 
dard distribution medium for TLIFE is 
one 3.5-in. (8.89-cm), 1 .44MB diskette 
in MS-DOS format. The contents of the 
diskettes have been compressed by use 
of the PKWARE archiving software tools. 
The utility software to unarchive the files, 
PKUNZIP.EXE v2.04g, is included. 
Alternate distribution media and formats 
are available upon request. TLIFE was 
released in 1996. 

This program was written by M. 
Savage, K. L. Rubadeux, and M. G. 
Prasanna of the University of Akron for 

Lewis Research Center For further 
information, write in 91 on the TSP 
Request Card. 

LEW- 16291 


•j Program Estimates Flows in Centrifugal and 
Axial Pumps 

Lewis Research Center, Cleveland, Ohio 


The PUMPA computer program imple- 
ments a meanline flow method for rapid 
mathematical modeling of cryogenic 
rocket-engine pumps. The program pre- 
dicts the performance of a pump at off- 
design operating conditions, given the 
loss of the diffusion system of the pump 
at the design point. The design-point 
rotor efficiency and slip factor are 
obtained from empirical correlations to 
rotor-specific speed and geometry. 

PUMPA can model axial, inducer, 
mixed-flow, and centrifugal pumps, and 
can model multistage pumps in series. 
PUMPA is an effective software tool for 
analysis and conceptual design, featuring 
short input setup and computer run times 
and map-generation capabilities that pro- 
vide information needed for an interface 
with a rocket-engine-system-modeling 
code. The capabilities for modeling off- 
design performances and multistage 
pumps enable parametric exploration of 
design space of candidate pump config- 
urations and provide head and flow maps 
for evaluations of engine systems. 

PUMPA is based on the Euler equa- 
tion coupled with empirical correlations 
for rotor efficiency. The code provides an 


estimate of flow incidences, losses, and 
inception of cavitation at off-design 
operating conditions. By use of correc- 
tion factors, both the rotor efficiency and 
the slip factor can be modified to match 
test data. For a given set of pump inlet 
pressure and temperature, PUMPA can 
generate a performance-characteristic 
map. The fluids that can be used in 
PUMPA models are liquid hydrogen, liq- 
uid oxygen, liquid nitrogen, JP-4, water, 
and air. The properties of fluids are 
obtained from the GASPLUS program. 
A version of GASPLUS that is designed 
to work with PUMPA is included in the 
PUMPA package. 

PUMPA output consists of flow condi- 
tions at (1) the leading and trailing edges 
of the rotor; and (2) the inlet, throat, and 
outlet of the diffusion system. In addition 
to the meanline flow conditions at the 
root-mean-square radius of the rotor, 
conditions at the hub and tip locations 
are also calculated. The output 
describes the flow conditions in terms of 
velocities, flow angles, pressures, and 
temperatures. Velocities and flow angles 
are calculated in both the relative and the 
absolute frames of reference. Static and 


total pressures and temperatures are 
calculated at the discharge of the rotor 
and stage. The total head rise, horse- 
power, and efficiency are summarized for 
each stage and for the overall pump. The 
calculation of all performance parame- 
ters is repeated at every point of an array 
of off-design conditions. 

PUMPA is written in FORTRAN 77 for 
IBM PC-series and compatible comput- 
ers running MS-DOS. The standard dis- 
tribution medium for PUMPA is a set of 
two 3.5-in. (8.89-cm), 1.44MB, MS- 
DOS-format diskettes. PUMPA was 
developed in 1994 and released to 
COSMIC in 1995. 

This program was written by Joseph 
P. Veres of Lewis Research Center. 

For further information, write in 85 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44 135. Refer to LEW-16173. 
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Concepts 


ETI Inc.’s Agile Engineering Design System 


IS... 


• The premier integrated GUI turbomachinery design system in the world for radial, mixed- 
flow, and axial pumps, compressors, and turbines. 



Unsteady CFD - Virtual Laboratory 



Test Data Reduction & 
Program Validation in 
a Physical Laboratory 


\ * 



t 


Rotor Dynamics, Seals, 
and Bearings 



Meanline Design Optimization 



3D Structural Analysis 


3D Geometry & Flow Modeling 


• Backed by the world’s leading turbomachinery design company and developed by 
engineers over 17 years. 

• Servicing aerospace, process, oil and chemical refining, HVAC, air separation, shop air, 
and automotive and marine industries. World-class, high-performance radial, mixed-flow, 
and axial pumps, compressors, and turbines are designed every day with these state-of- 
the-art design tools. 


@ 0 N C £ PT S ETI, Inc. 

4 Billings Farm Road 
White River, Jet., VT 05001 
Phone: (802)296-2321 FAX: (802)296-2325 
e-mail: ceti@valley.net 

For additional information please see page 12H in the "Computer Hardware/Software" section of the 
"Hot Technology File.” 


For More Information Write In No. 508 





Silicon on Sapphire 
Pressure Transducers 




* * 




Absolute Accuracy 

-40° F to +180 F 
Model SP21 0 < ±1 .5% FS 
Model SP200 < ±2.5% FS 
1 0,000,000 cycles 

Static Accuracy 

(combined nonlinearity, hysteresis, repeatability) 

Model SP21 0 < ±0.1 % FS • Model SP200 < ±0.2% FS 

Economical Price: Pressure transducers with 0.1 % accuracy at 
a price you’d expect to pay for units with 1 .0% accuracy! 


PATRIOT 


Sensors 


Controls 


Corporation 


EASY 


ST 


SIMI 


VALLEY 


CA 


93065 


1808 


650 


Phone: 800/581 


Fax 


805/583 


526 


0701 


LinkWinds — 
Flexible Software 
for Highly 
Interactive Visual 
Data Analysis 

NASA’s Jet Propulsion 
Laboratory, Pasadena, 
California 

The Link Windows Interactive Data 
System (LinkWinds) computer program 
is an evolving software system for inter- 
active graphical depiction of large, mul- 
tivariate sets of numerical data. Link 
Windows provides two-dimensional- 
and three-dimensional-appearing inter- 
active video graphical displays of data, 
printed copies of graphical displays and 
text, interactive manipulation of color, 
interactive creation and display of ani- 
mation, assignment of data to subsets 
at input or output, a journal and macro 
capability, context-sensitive help, and 
network support for collaborative analy- 
sis of data. ‘Data-linking’ by the user 
interconnects data displays, controls, 
and other objects depicted on a graph- 
ical display. The resulting links are one- 
way message paths that enable interob- 
ject communication to set up and con- 
trol structures that, in turn, enable the 
objects to act in concert for the quick 
detection of relationships among data. 
In comparison with other software for 
graphical depiction of numerical data, 
LinkWinds offers more flexibility for dis- 
playing data in ways that make trends, 
correlations, and anomalies more rec- 
ognizable and/or highlighting relation- 
ships among data from different sets. 
LinkWinds is developed under the 
OpenGL graphics library and is there- 
fore now optimized for Silicon Graphics, 
Inc., workstations, although it also exe- 
cutes on a variety of other workstations 
including Sun and Linux. It occupies 
about 6 MB of disk memory and about 
5 MB in random-access memory (RAM), 
plus whatever additional RAM or swap 
space may be needed for the user’s 
data files. It is preferable, though not 
essential, that the workstation and mon- 
itor be equipped for double buffering 
and 24-bit color. 

This work was done by Allan S. 
Jacobson of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 8 on the TSP 
Request Card. 

NPO-19786 


46 


For More Information Write In No. 405 


NASA Tech Briefs, December 1 996 




INTEGRATED 

ENGINEERING SOFTWARE 


Phone: (204) 632-5636 Fax: (204) 633-7780 
e-mail: info@integrated.mb.ca 

For More Information Write In No. 607 


"Integrated's BEM software provides accurate results 
and improves motor design cycle time without a com- 
plex FEM mesh." 

Mark R. Thomas, R&D Engineering Manager, 

Prestolite Electric Inc. 

We're on the cutting edge of CAE design and analysis, bringing 
you the most advanced electromagnetic software available 
anywhere. Our high powered, user-friendly software enables 
you to optimize your designs with incredible efficiency. 

We provide you with sample problems plus a database of 
solved industry-specific designs. Also, IGES or DXF geometry 
translators and parametric definitions accelerate the synthesis 
of your own solutions. 


Integrated s software optimizes our high voltage 
accessory and insulator designs...reducing material 
cost and enhancing performance . " 

Tom Bialek, Senior Product Development Engineer, 

Raychem Corporation 

Count on full technical support, via phone, fax or e-mail, plus 
you receive regular software enhancements each year. 

Installation time and the "software learning curve" barely form 
a speed bump on the road to doing good work , fast with 
Integrated's software. Call today for a 30-day trial. 


Electromagnetic Applications: 

■ AC/DC motors 

■ switches & sensors 

■ low/high voltage systems 

■ magnetic systems 

■ actuators 

■ cables 

■ other systems 


Solution Capabilities: 

■ electromagnetic fields 

■ torque & force 

■ eddy currents & ohmic losses 

■ skin & proximity effects 

■ R, L, C, G & Zo 

■ temperature & heat flow 

■ trajectories 




FAST! 


Integrated's line of electromagnetic software, using the 
boundary element method (BEM) performs effortlessly...so you 
can analyze, customize and finalize, quickly and easily. You 
save time and money through: 


■ immediate productivity ■ accurate, efficient solutions 

■ reduced prototyping costs ■ expert technical support. 




Design & Analysis Software 


Invention Machine Corp., 
Cambridge, MA, has 
introduced Tech Opti- 
mizer™ problem identi- 
fication and analysis 
software, which facili- 
tates the construction of 
a problem or product 
statement, helping engi- 
neers identify the root 
problem. The program is coupled with the company’s Invention Machine™ 
Lab™ 2.11 to provide benchmarking, functional analysis, feature transfer, 
trimming techniques, and problem management capabilities. 

The software uses cause and effect analysis to define and solve engineer- 
ing problems. Tech Optimizer is available on a Windows 3.1 disk set and 
is compatible with Windows 95, Windows NT, and on CD-ROM. It runs 
on IBM-compatible computers and requires 50 MB of hard disk space and 
8 MB of RAM. The software is priced at $1,995 per seat. 




Interactive Simulations, San Diego, 
CA, has announced the PC version of 
Sculpt™ molecular modeling soft- 
ware, which lets users interactively 
twist, tug, tether, and overlay mole- 
cules in real time on desktop com- 
puters. Available on Pentium plat- 
forms running Windows 95 or NT, 
the program enables molecular 
mechanics to run in real time. Sculpt can copy and paste to and from 
CambridgeSoft ChemOffice and Microsoft Office, or output color or black- 
and-white Postscript images. 

Images pasted back into Sculpt reappear as the original 3D molecules, 
allowing data to be stored in external documents and databases. Other fea- 
tures include the ability to superimpose flexible molecules, discovery of 
conformational similarities, and the ability to build protein models and 
move secondary structures. Versions are available for PowerMac and Silicon 


Graphics workstations; the PC version is priced at $1,195. 


For More Information Write In No. 751 


For More Information Write In No. 741 


SolidView 2.0 3D design visu- 
alization software from Solid 
Concepts, Valencia, CA, uses 
stereolithography (STL) files 
generated from CAD systems to 
view 3D designs on a Windows 
PC. Users can take an existing 
CAD design, add measurements 
and notes, and publish the file 
to anyone with a Windows- 
based PC. Files also can be published over the Internet, a private Intranet, 
or over digital communications media such as floppy disks. 

Other features include network licensing, shading, customizable colors, 
red-lining capability, and annotation enhancements. The program also 
reads DXF and OBJ files. It is compatible with Windows 3.1, Windows 95, 
and Windows NT and sells for $495. Optional IGES input costs $495. 
Options include the ability to prepare STL files for rapid prototyping and to 
automatically create support structures for rapid prototyping. 


The MacNeal-Schwendler Corp., Los 
Angeles, CA, has released Version 2.1 of 
MSC/NASTRAN modeling software 
for Windows 95 and NT. New features 
include the ability for the ACIS-com- 
patible CAD integration module to 
accept parasolids-based solid models. 
Users can take models directly from 
EDS/Unigraphics and SolidWorks CAD 
programs to MSC/NASTRAN for analysis. The software also features a new 
optional solver called Basic A+. 

A nonlinear analysis option supports geometric and material nonlineari- 
ty, hyperelastic materials, contact, and creep for static and dynamic analy- 
sis. A dynamics analysis option supports transient and frequency response 
analysis, including random response. A heat transfer module permits sim- 
ulations which consider steady state and nonlinear transient heat transfer, 
including a new forced convection technique. A CFD module has a range 
of capabilities across all flow regimes and speeds. Prices start at $5,000. 




For More Information Write In No. 745 


MGA Software, Concord, 
MA, has introduced ACSL 
Code, a code-generation 
software which automat- 
ically generates C-code 
from simulation models 
created by ACSL Graphic 
Modeler. Engineers can 
design and simulate a sys- 
tem and have C code automatically generated for the systems controller, 
eliminating manual coding. 

The program provides features for creating the model, designing and run- 
ning experiments, visualizing results, and re-engineering the model. 
Changes in design parameters can be accommodated with updated code. 
Applications include developing code for embedded controllers, creating 
code segments for distributed interactive simulations, hardware-in-the- 
loop (HIL) testing, and as a standard interface for other simulation products. 


For More Information Write In No. 742 


acroScience Corp., Boulder, CO, has 
introduced Visual Science 1.0 mathe- 
matical systems design software, 
which enables users to interactively 
design, simulate, analyze, and apply 
complex mathematical systems visually 
in Windows 3.1, Windows 95, or 
Windows NT. Users can create a visual 
model of a mathematical system, high- 
light the hierarchical structure of a system, analyze the system with inter- 
active tools, scale from simple problems to complex dynamic systems, sim- 
ulate parallel execution, and manage large projects. 

Features include seamless support for MATLAB and IDL; MathCalc, a 
matrix/array calculation language; more than 100 64-bit real and complex 
math functions; numerical and graphical data inspectors; and a built-in 
project explorer. The program also includes support for multi-processor 
hardware on Windows NT, OLE-based publication and annotation capabil- 
ities, a hierarchical block diagram interface, and a traditional command 
prompt interface. The software is priced at $895. 
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New to Finite 
Element Analysis ? 

• Intuitive, True Windows User Interface 

• Easy to Learn 

• Context Sensitive. On-Line Help 

• Beam, Shell and 3-D Automatic Meshing 


• Extensive Model Checking 

... the system you can use with confidence , 
even if you only use it occasionally. 

Experienced with Finite 
Element Analysis ? 

• Support for twenty FEA programs including: 

ABAQUS, ANSYS and NASTRAtf 

• Supports Static, Modal, Buckling, Nonlinear, 


FEMAP 


Frequency or Transient Response and Heat 


Transfer Analyses 


... the advanced tools you need to handle 


the toughest fobs. 


Also Need an 
Analysis Program ? 


Consider one of these solutions bundled with 


FEMAP as the pre and postprocessor: 


ABAQUS/NT, CAEFEM, CSA/NASTRAN, 


MSC/NASTRAN for Windows, MTAB, 


STARDYNE, UAI/NASTRAN or WECAN 


... ever wonder why leading FEA companies 
have chosen FEMAP ? 

Need to Use 
CAD Geometry ? 

Direct access to ACIS or Parasolid Models from: 
AutoCAD. AutoCAD Designer, SolidWorks, 


MicroStation Modeler, Intergraph Solid Edge, 
Unigraphics, Trispectives and many more 

• Access other geometry thru DXF or IGES 



... the system you have to try to believe 




FEA Has Never Been 
This Easy Before ! 


Enterprise Software Products, Inc . 

P.O. Box 1 172 • Exton, Pennsylvania • 19341 
Phone: 610-458-3660 E-Mail: femap@entsoft.com 

FAX: 610-458-3665 Web: http://www.entsoft.com 

FEMAP Advanced Mesttng Modules utilize ACIS software by SPATIAL TECHNOLOGY INC. or Parasolid software 
by Electronic Data Systems, Inc Al product names are trademarks or registered trademarks of their respective owners 

For More Information Write In No. 647 


Contact us 
today for a / 
FREE DEMO M 



i | Electronic Components 
" i and Circuits 


Circuit Boards for Testing Alternative Cleaning Processes 

The boards are cleaned, then examined to determine the effects of cleaning. 

Goddard Space Flight Center, Greenbelt, Maryland 


Electronic circuit boards have been 
designed for use in evaluating innova- 
tive processes for cleaning electronic cir- 
cuit boards during manufacturing. The 
innovative processes involve the use of 
fluids other than chlorofluorocarbons 
(CFCs). Although CFCs have proven ef- 
fective in cleaning circuit boards, they 
must be phased out because they con- 
tribute to depletion of ozone from the 
Earth’s upper atmosphere. 

Each circuit board (see figure) is a 
double-sided printed-wiring board on 
which selected nonfunctional integrat- 
ed-circuit packages have been mounted 
by representative surface-mount and 
pin-through-hole soldering techniques. 
By subjecting the board to the various 
cleaning processes and then examining 
the boards by various physical and 
chemical techniques, one can determine 
effects of chemical interactions among 
solder-flux residues, printed-wiring- 
board materials, and non-CFC cleaning 
fluids. The circuit board has been used 
thus far to evaluate 9 aqueous and 1 2 
semiaqueous cleaning processes. 

The insulating substrate for each 
board is either an epoxy-matrix/glass- 
fiber or a polyimide-matrix/glass-fiber 
laminate that measures 23 by 13 by 
0.15 cm. Each board conforms to MIL- 
P-13994 and MIL-P-55110 specifica- 
tions. The selection of parts and the 
placement of parts on a board provide 
the density necessary for monitoring the 


performances of the cleaning fluids in 
the tight spaces between and under 
parts. Comb patterns with strips 0.4 mm 
wide spaced at intervals of 0.5 mm are 
placed under each nonfunctional sur- 
face-mounted part. The comb patterns 


are used to monitor changes in the sur- 
face insulation resistance of the 
board caused by the cleaning pro- 
cesses and by environmental stresses 
like those associated with tempera- 
ture and humidity. 

A functional crystal-controlled oscilla- 
tor circuit is included on a small section 


of the board. This circuit comprises 
dual-in-line-package (DIP) microcircuits 
and surface-mounted chip resistors and 
capacitors. This circuit is used to moni- 
tor the integrity of interconnections after 
cleaning; in particular, it is used to look 


for open and short circuits caused by 
cleaning and by environmental stresses. 

This work was done by Robert Cum- 
mings and Fred Gross of Goddard 
Space Flight Center and Nitin Parekh 
and Mark Fan of Paramax Systems Corp. 
For further information, write in 35 on 
the TSP Request Card. GSC- 13658 



This Circuit Board includes both functional and nonfunctional components in configura- 
tions designed to yield representative data on the effects of cleaning with various fluids. 


Microstrip Antenna Generates Circular Polarization 

Radiating elements are fed through coplanar microstrip feedlines. 

Lyndon B. Johnson Space Center, Houston, Texas 


Figure 1 illustrates a microstrip array 
of four antenna elements that receives 
or transmits nearly perfectly circularly 
polarized microwaves over a band of 
frequencies near resonance. The four- 
element microstrip array can operate 
alone, as part of a larger fixed-aim 
array (see Figure 2), or as part of a lar- 


ger array that includes electronically 
controllable phase shifters that effect 
electronic scanning of the radiated or 
received beam over a small range of 
angles about the broadside direction. 

Microstrip feedlines are integral parts 
of the array and are laid out, along with 
the radiating antenna elements, in a 


pattern that makes efficient use of the 
available area: the array fits within a 
square of side 0.7 times the free-space 
wavelength; this provides adequate 
margin for positioning and phasing of 
the four-element array as a phased sub- 
array within a larger fixed-aim or elec- 
tronically scanned array. In addition, the 
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Take the boom out of your box with 
AMP EMI noise reduction technology. 



QUIETSHIELD gaskets and laminates provide total 
design creativity. 


Come to AMP for quiet solutions. Our decades of advancing interconnection 
and signal conditioning technology give us a uniquely effective perspective on 
reducing EMI. 

The best time to control noise is before it starts. Our simulation capability 
helps eliminate EMI early, before board fabrication. 

Our QuietBoard coating can eliminate failing emissions certification, without 
multilayer ground planes. And it saves up to 25% over other board-level fixes. 

In filtered connectors, we have the industry’s widest range, ferrite to distrib- 
uted element, and most respected core technology'. Our QuietLine drop-in, 
replacement filtered connectors and shielded cable assemblies fit almost anywhere 
there’s EMI. 

QUIETSHIELD profile and I/O gaskets provide high shielding effectiveness, 
accommodate irregular surfaces and reduce costs, with more flexibility than 
traditional shielding. 

At AMP, we solve EMI problems 
while providing design flexibility, peak 
system performance, reduced time to 
market, and increased productivity. 

So go ahead. T\im up the volume. 

AMP and QUETSHIELD an trademark 


Connecting 

Higher 

lever 


Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated, 

Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. On the Internet: http://www.amp.com 
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TOP VIEW 



RELATIVE PHASES AT FEED POINTS 


Dielectric Substrate: 
Dielectric Constant 
Typically * 2.2 


/ 


Conducting Plane 
(Copper) 


Microstrip Element __ .. . 

(Copper) 20 mils (0.51 mm) 

' / Typical 

/ L 


\\ \\ \\ \\ \\ \\l 


SIDE VIEW (NOT TO SCALE) 


t 


Figure 1. This Microstrip Array, including the feedlines, is designed to radiate in right circular polarization at a resonant frequency. 


all-microstrip design (in comparison with 
a more complicated design that includes 
perpendicular coaxial feed probes, for 
example) simplifies fabrication. 

Each square patch antenna element 
is excited at two feed points spaced 90° 
apart, at equal amplitudes in phase 
quadrature. This results in two orthogo- 
nal, approximately linearly polarized elec- 
tromagnetic fields in phase quadrature, 
which add up to a single field in which 
the polarization rotates to the right; that 
is, each element radiates in nearly circu- 
lar polarization. In addition, the four an- 
tenna elements are fed in phase quadra- 
ture with each other so that the compos- 
ite field generated by all the elements 
rotates, making polarization of the com- 
posite field even more nearly circular. 

The asymmetrical layout of the micro- 
strip feedline is optimized at the resonant 
frequency to provide the equal ampli- 
tudes and quadrature phasing at the 
feed points. This layout includes power- 
dividing T-junctions and unequal-length, 
unequal-width feedline segments that 
match impedances and introduce differ- 
ent propagation delays that result in the 
desired quadrature phase relationships. 

This work was done by Probir K. 
Bondyopadhyay of the National Re- 
search Council for Johnson Space 
Center. For further information, write in 
79 on the TSP Request Card . 


This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 


development should be addressed to the 
Patent Counsel, Johnson Space Center; 
(713) 483-4871. Refer to MSC-21982. 



Figure 2. This 16 -Element Array comprises 4-element arrays like that of Figure 1. 
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things 
come 
and go. 


Introducing The Fluke Lifetime 
Limited Warranty For Multimeters. 

Some things you buy on a whim. And 
regret later. But now we have something 
you'll never regret: genuine Fluke Digital 
Multimeters, backed by our new lifetime 
limited warranty. 

Every member of our rugged and 
reliable Fluke 20, 70. and 80 
Series DMMs now comes with 
our new lifetime warranty. 

That's a lifetime longer than 
standard warranties on the other 
bargain-basement meters. 

Which is reassuring. As is knowing that 
you've already purchased the DMM 
known for its unsurpassed quality, 
reliability, accuracy, and ruggedness. 


Every Fluke multimeter is built in the 
United States, under a quality system 
certified to meet ISO 9001 requirements. 
They're easy to use, with faster response 
times that give you readings in seconds, 
and at a glance. 

It's no wonder millions of professionals 
have chosen Fluke DMMs as the only 
name they trust. 

For more information on the 
DMMs that last a lifetime, call 
Fluke today at 1 -800-44-FLUKE. 
Or visit our website at 
www.fluke.com. It's one move 
you won't live to regret. 

Fluke. Keeping your world 
up and running. 


Others 
last a 
lifetime. 




© 1996 nuke Corporation. P.0. Box 9090. M/S 250E. Everett. WA. USA 98206-9090. US. (800) 44-FLUKE or (206) 
356-5400. Canada (905) 890-7600. Europe (31 40) 2 678 200. Other countries (206) 356-5500. All nghts reserved. 
FLU-262- 101. 
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Microstrip Reflectarray Antennas With Mechanical Phasing 

Antenna elements would be rotated to effect phase control for beam scanning. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Circularly polarized microstrip reflec- 
tarray antennas with mechanical phas- 
ing of individual antenna elements have 
been proposed. Like other microstrip 
reflectarray antennas, these would offer 
important advantages over parabo- 
loidal-dish antennas; (1) they would 
weigh less and would have low profiles 
more suitable for mounting on vehicles 
and buildings and (2) like phased-array 
antennas in general, they would enable 
beam steering via phase control, with- 
out mechanical rotation of the entire 
antenna structures. Unlike some other 
phased-array antennas that have been 
developed in recent years, the proposed 
antennas would not include expensive 
beam-forming (power-dividing) trans- 
mission-line networks and/or phase- 
shifting circuits. 

A basic microstrip reflectarray anten- 
na includes a planar array of microstrip 
patches facing a feed horn, as shown in 
the upper part of Figure 1 . Typically, the 
main parts of the patches are identical. 
Protruding from the main parts of the 
patches are short attached microstrip 
transmission lines, which are made in 
different lengths for differently located 
patches to provide delays required for 
compensation across the antenna aper- 
ture so that all patches radiate in the 
required polarization at identical phases 
into the desired beam direction. Often 
(as for communication between ground 
and satellite stations), circular polar- 
ization is used. Circular polarization can 
be achi-eved by use of two unequal- 
length delay lines orthogonally attached 
to each patch, as shown in the lower 
part of Figure 1 . 

In a microstrip reflectarray according 
to the proposal, phase compensation of 
the antenna elements would not be 
achieved by use of different-length delay 
lines. Instead, identical delay lines would 
be attached to the identical microstrip- 
patch antenna elements, and phase 
compensation would be achieved by 
rotating the patches and delay lines to 
different angles (see Figure 2). This tech- 
nique of rotating the circularly polarized 
element to obtain required phases has 
been demonstrated. To make such ad- 
justments possible, each microstrip- 
patch antenna element could be mount- 
ed on a miniature motor drive. The delay 
lines according to this concept would 
serve only as angular references for the 
rotations. The relative angle to which a 
given element should be set would 


equal half the relative phase-delay 
angle required for that element. 

This work was done by John Huang 
of Caltech for NASA’s Jet Propulsion 


Laboratory. For further information, 
write in 62 on the TSP Request Card. 
NPO-19670 
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Ground Plane 


(Conductive Back Surface) 


Dielectric Substrate 


MICROSTRIP REFLECTARRAY ANTENNA 



DETAIL OF SQUARE OR CIRCULAR MICROSTRIP PATCH 
FOR CIRCULAR POLARIZATION 


Figure 1 . A Basic Microstrip Reflectarray Antenna contains an array of reflective microstrip- 
patch antenna elements. Phase compensation is provided by short microstrip transmission 
lines (delay lines) of various lengths. 



Figure 2. In a Proposed Microstrip Reflectarray Antenna, phase compensation would be 
achieved by differential rotation of identical microstrip-patch antenna elements. 
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Why just see a tree when you can see the forest? 




Experience it all with the new Datavisor 80, brought to you 
by the virtual reality industry's leading producer of immersive 
display systems. 

The world's first 120-degree field of view head-mounted display 
system, the Datavisor 80 offers full color and high resolution in 
lightweight plastic housing. Its performance characteristics, 
previously available only on a custom basis, can now be yours 
at a fraction of the cost. 

For defense training to surgical simulation applications, we 
offer a complete line of virtual reality display products. Our 
Datavisor HiRes and Datavisor VGA establish new levels of 
price and performance as do our Virtual Binoculars. And, if 
your needs are highly specific, our custom products division 
can provide just the right solution. 

See the difference with n»vision 

Call us today 

7680 Old Springhouse Road 
McLean, Virginia 22102 
1.703.506.8808 voice 
1.703.903.0455 fax 
http://www.nvis.com 
sales@nvis.com 
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Convert 

Computer 

Graphics 



to Video 



RGB/Videolink 

VIDEO SCAN CONVERTERS 

Up to 1 600 x 1 280 pixel input 
Analog output / NTSC, PAL S-Video, CAV 
Digital output / CCIR 601 Flicker filter 
Autosync Video overlay Pan & Zoom 
Simple external connections 


ilk 

□SB 


SPECTRUM 

A visual communications company™ 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 


Superconducting Notch 
Filter for 171 MHz 

Performance exceeded that of much larger 
conventional notch filters made with copper. 

Lewis Research Center, Cleveland, Ohio 

A band-stop filter designed for a fundamental frequency of 
171 MHz includes patterned high-temperature-superconductor 
(HTS) films grown on a sapphire substrate. The filter was con- 
structed to demonstrate the utility of HTS on sapphire for minia- 
turizing and improving the performances of narrow-band filters 
for various communication systems. Developers have turned 
away from copper and toward superconductors for filter circuits 
because of the finite electrical resistance of copper and the con- 
sequent increase in surface resistance with frequency. These 
characteristics of copper and other normal conductors pose 
obstacles to further development in that they necessitate the use 
of undesirably large filter components to obtain a given level of 
performance and limit the performance achievable at any size. 

The filter was configured as a spiral resonator coupled to a 
transmission line with an impedance of 50 £1 The spiral res- 
onator was patterned in an HTS film on one sapphire substrate, 
while the transmission line was patterned in copper film on 
another sapphire substrate. The substrates were assembled 
with the resonator and the transmission line in the same plane. 
The coupling between the resonator and transmission line 
could be varied by displacing them with respect to each other. 
The foregoing assembly was sandwiched between two ground 
planes implemented as HTS on sapphire substrates. Excluding 
connectors, the size of the filter was only 2.4 by 2.2 by 0.8 cm. 

The filter exhibited an insertion loss of less than 0.1 dB at the 
design frequency. At one coupling setting, the rejection band was 
characterized by a notch depth of 120 dB and a 3-dB bandwidth 
of 230 kHz. When the filter was set for somewhat stronger cou- 
pling, the notch depth increased to 28 dB, and the 3-dB bandwidth 
increased to 1.1 MHz. These selectivity parameters indicate per- 
formance an order of magnitude better than that achievable with 
conventional copper filter circuits. Further improvements in perfor- 
mance and miniaturization are expected to occur with the use of 
HTS films on both sides of sapphire substrates. 

This work was done by Erwin Bebhoubek and Alberto Pique of 
Neocera, Inc., and David Kalokitis of Samoff Research Center for 
Lewis Research Center. For further information, write in 55 on 
the ~FSP Request Card. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent Status, Mail Stop 7-3, 
21000 Brookpark Rd., Cleveland, OH 44 135. Refer to LEW- 15875. 


Improved Modeling of 
Discontinuities in a 
Transmission Line 

A nonlinear least-squares technique fits 
model parameters to measurement data. 

NASA’s Jet Propulsion Laboratory, 

Pasadena, California 

An improved method of mathematical modeling of mul- 
tiple discontinuities in a transmission line has been devel- 
oped. The impetus for this development was a need to diag- 
nose crimps and other discontinuities in a slightly damaged 
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Put the power of the world's best-selling 
FPA thermal imagers to work for you. 




In the lab or in the field, Inframetrics' ThermaCAM® family of infrared 
temperature measurement systems have what it takes.. . 


Most ve Operates as a stand-alone hand-held 

camera or as a dedicated real-time digital workstation. 

Wide array of lenses/filter options to meet any 
application. 

Highest sensitivity. Measures temperatures from 
-10 °C to +2000 °C. Sensitive to 0.1 °C. 

Unmatched accuracy. Precision temperature 
measurement through sophisticated temperature 
algorithms, internal sensors, and atmospheric 
correction model. 

Upgrade path. All cameras and software are easily 11 

upgraded as new technologies and applications ThermaCAM family ofhand-hed thermal ,mag,ng 

emerge systems for science and industry. 

Powerful Windows® image analysis. TherMonitor® and ThermaGRAM® digital image processing 
software for both static and real-time temperature analysis and reporting. 




Unrivaled portability. The smallest imager of its kind. Perfect for use in the field. 

Best value. No other system offers ThermaCAM SC 1000’s performance, versatility, and economy 
for IR measurement applications. 


inframetrics 

The Infrared Specialists 

For More Information Write In No. 682 


Call: +1 800 GO INFRA (1 -800 464-6372) 

Fax: +1 508 667-2702 

E-mail: info@inframetrics.com 
Web site: www.inframetrics.com 


Corporate Headquarters 
Inframetrics, Inc., U.S.A. 

Tel: +1(800) GO-INFRA 
Fax: +1(508) 667-2702 


European Headquarters 
V.B.R. Inframetrics 

Tel. +(32)2 257 9030 
Fax: +(32)2 257 9039 


Inframetrics France 

Tel +(33)72 47 04 05 
Fax: +(33) 72 47 07 72 


Inframetrics U.K. 

Tel: +(44)01256 50533 
Fax: +(44)01256 50534 


Inframetrics Germany 

Tel: +(49)6074 35512 
Fax: +(49) 6074 35549 


Inframetrics Israel 

Tel: +(972)4-316829 
Fax: +(972) 4-316818 



Fast 

Accurate. 

Versatile. 



DTR-48 


DATATAPE s DTR-48 digital 
recorder/reproducer offers a 
continuously variable 
record/reproduce data rate 
from 0 to 6 MBytes/s while 
maintaining a high level of 
data integrity. The DTR-48 
comes equipped with multi- 
ple interfaces, the ability to 
use commercial recording 
media and the capacity to 
store up to 36 GBytes of data 
on one cassette (when using 
M90L cassettes). 

For more information contact: 

DATATAPE 

605 East Huntington Drive 
Monrovia, CA 91016 
Tel: (818) 358-9500, ext. 771 
Fax: (818) 358-9100 
info@datatape.com 
http://www.datatape.com 
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coaxial cable that carries 2.295-GHz 
signals to an antenna in the Galileo 
spacecraft. The method is just as ap- 
plicable to coaxial cables and other 
transmission lines (including wave- 
guides) in terrestrial radio systems. 

Some element of a priori assumption 
followed by trial and error is inevitable 
in any mathematical-modeling situation. 
However, the role of trial and error is 
reduced, in this method, by using a 
nonlinear least-squares procedure to 
adjust the parameters of the mathe- 


lossy-transmission-line submodels. 
Each discontinuity or intervening length 
of transmission line is represented as a 
two-port subnetwork, and the transmis- 
sion line is represented as the two-port 
network that is formed by cascading 
the subnetworks. 

The S- parameters of the network (the 
cable) are computed by cascading the 
S-parameters of the subnetworks in a 
progression along the cable until all 
subnetworks have been included. Next, 
using the nonlinear least-squares tech- 



This Plot Shows a comparison of theoretical and measured insertion losses. 


matical model of the transmission line 
to make the input/output behavior of 
the model consistent with S-parame- 
ters (transmission and reflection coeffi- 
cients) derived from time- and frequen- 
cy-domain measurements of the in- 
put/output behavior. 

The modeling process begins with 
determining the approximate locations 
of discontinuities from time-domain 
measurements and from prior knowl- 
edge of potential discontinuities at 
bends, crimps, connectors, and cable 
clamps. The discontinuities are repre- 
sented by equivalent circuit elements in 
the form of shunt susceptances and the 
intervening lengths are represented by 


nique, the susceptances of the continu- 
ities and the lengths of the transmis- 
sion-line segments are adjusted to 
make the computed S- parameters 
converge toward the measured S-para- 
meters (see figure). In the least-squares 
procedure, the parameters are kept 
within specified bounds. Moreover, in 
adjusting the lengths of the segments, 
the sum of lengths is constrained to 
equal the actual length of the cable. 

This work was done by Tommy 
Otoshi of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 90 on the TSP 
Request Card. NPO- 1 9 759 
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The Ultimate Data 
Acquisition System. 


The Nicolet Odyssey is the first data acquisition system that lets you truly 
replace your old chart recorders and tape recorders. Odyssey records up to 
32 analog and 32 digital channels at 100,000 samples per second each 

- for over half an hour! Fast playback and search let you zoom in on events 
of interest, analyze the waveforms, and produce fully customized reports 

- even while still recording. 

The Odyssey* takes you “from sensor to report” in one integrated instrument, 
combining signal conditioning, data acquisition, review, analysis and 
report generation. Call us today and simplify' your test tomorrow. 


Odyssey 12 hrs. 
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Reducing Leakage Currents in a Bipolar Battery 

Gas and electrolyte are shared among cells via a high-resistance manifold. 
Lewis Research Center, Cleveland, Ohio 


A proposed design concept for a 
nickel/hydrogen bipolar battery provides 
for reduction (in comparison with older 
designs) of the leakage electrical cur- 
rents that unavoidably flow along the 
paths used for sharing of electrolyte and 
gas among cells. “Bipolar” as used here 
means that the interconnection between 
adjacent cells in series is an electrically 
conductive wall between electrodes of 
opposite polarity. To minimize leakage 
currents, the electrolyte (a 31 -percent 
aqueous solution of KOH) in each cell 
can be sealed off from that in the other 
cells, but hydrogen gas must be allowed 
to flow freely among the cells. An effec- 
tive design that keeps the cell elec- 
trolytes separate while allowing gas to 


flow among cells in a separate manifold 
is complex and makes the battery too 
heavy and large for some applications. 

Thus, the size, weight, and complex- 
ity of the battery can be minimized by a 
design in which all cells share elec- 
trolyte, but then the problem becomes 
one of reducing leakage currents to tol- 
erable levels. According to the present 
concept, the cells would share elec- 
trolyte and gas via an intrabattery man- 
ifold that would comprise both intercell 
passages and portions of the cells (see 
figure). The shape and dimensions of 
the manifold would be chosen to maxi- 
mize electrical resistances and thus 
minimize leakage electrical currents 
along the electrolyte-flow paths. It has 


been estimated that the leakage cur- 
rents in a battery of the proposed mani- 
fold design would be about 1/20 of 
those in a battery of simplistic design in 
which electrolyte was shared via small 
holes between cells. 

This work was done by John C. Hall of 
Space Systems/Loral for Lewis Re- 
search Center. For further information, 
write in 94 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3 , 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW- 15985. 



Holes Are Off Center and Staggered through the bipolar stack to maximize the electrical resistance of the manifold. A gas-screen space 
behind each negative electrode is utilized to accommodate part of the high-resistance manifold without having to increase the weight or 
volume of the battery. 


“Bed-of-Nails” Approximate Version of a Choke-Ring Antenna 

Weight, difficulty of fabrication, and cost are reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A “bed-of-nails” version of a choke- 
ring antenna has been found to perform 
about as well as does the original ver- 
sion made from concentric solid metal 
rings. In comparison with the solid-ring 
version, the bed-of-nails version offers 
advantages of lower weight, greater 
ease of fabrication, and lower cost. 

In principle, the “nails” in the bed-of- 
nails version could be nails, but threaded 
rods (see figure) are probably more prac- 
tical. The “nails” in the bed-of-nails ver- 
sion are positioned at equal circumferen- 
tial intervals around concentric circles 
that correspond to the rings of the solid- 
ring version. To ensure that the signal to 
be handled by the antenna will be affect- 
ed by each circle of “nails” in approxi- 
mately the same manner as that of the 
corresponding solid ring, the circumfer- 
ential intervals must be much smaller 


than the wavelength of the signal. 

This work was done by Donovan J. 
Spitzmesser of Caltech for NASA’s Jet 


Propulsion Laboratory For further 
information, write in 48 on the TSP 
Request Card. NPO- 19801 



SOLID-RING VERSION BED OF NAILS" VERSION 


The “Bed-of-Nails” version of this choke-ring antenna performs comparably to the solid-ring 
version. Each circle of threaded rods (“nails”) corresponds to one of the solid rings. 
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If you’re using a 5 phase or a micro stepper system, 
it’s a good time to find some new uses for it, because 
the Mitsubishi MR-C Servo will make it a relic. 
Almost twice as fast, the MR-C will dramatically 
improve performance and throughput at an uncom- 
monly low price. No longer deal with monstrous, 
oversized motors. Realize significant savings in 
panel space and save big bucks. And if we haven’t 
convinced you to put your stepper into the “Museum 
Of Motion Control” yet- how about a peak torque 
capability that provides an added boost to overcome 
changes in load fluctuations... or real-time adaptive 
tuning control that eliminates the need for 


gain adjustments... and full closed loop, integral 
encoder feedback for the ultimate peace-of-mind. 
Consider the advantages of Mitsubishi’s MR-C Servo 
System. And, if you’re not in need of a boat anchor, 
you can always put your stepper system where you 
stored your first computer. 

A MITSUBISHI z*/ 

Industrial Automation Division 

Phone (800) 443-44% • In Canada call: (905) 475-7728 
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Compensating for Fading in K a -Band Data Communications 

Data rates would be adjusted to provide adequate link margins. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed mobile/satellite Kg-band 
data-communication system would 
include subsystems that would adjust 
data-transmission rates to compensate 
for fading associated with attenuation of 
signals by rain and by shadowing. 
Heretofore, it has been standard prac- 
tice to compensate for such fading by 
adjusting transmitter power levels. 

The system would use data rates of 
9.6, 4.8, and 2.4 kb/s. The basic idea is 
to select the highest one of these rates 
that is consistent with the requirement 
to maintain, under worst-case assump- 
tions, a link margin (defined below) 
above a minimum specified level of 3 
dB. Customarily, “link margin” denotes a 


logarithmic (decibel) measure of the sig- 
nal power beyond that needed to en- 
sure performance at some baseline 
level. For a fixed power, performance 
can be improved (in the sense that the 
bit-error rate can be decreased) by de- 
creasing the data rate. In other words, 
one can trade the data rate against the 
link margin. 

Each terminal in the system would con- 
tain one of the subsystems that would 
calculate the required adjustments in data 
rates. The subsystems would estimate 
attenuation levels and link margins from 
the measured levels of signals received 
from the other terminals with which their 
terminals were attempting to communi- 


cate. They would compare their estimates 
with known (threshold) levels to determine 
whether increases in data rates could be 
tolerated or whether decreases in data 
rates were needed to maintain adequate 
link margins. Data rates would then be 
changed accordingly. 

The figure illustrates an example of 
switching of data rates to maintain at 
least a 3-dB link margin. Initially, the data 
rate would be 9.6 kb/s, and this rate 
could be tolerated as long as the carrier- 
to-noise-density ratio (CNR) remained 
above 51 .82 dB-Hz. As the CNR passed 
below 51 .82 dB-Hz, it would be neces- 
sary to switch to a data rate of 4.8 kb/s 
to maintain at least 3 dB of link margin. 
Similarly, it would be necessary to switch 
to a data rate of 2.4 kb/s when the CNR 
passed below 48.82 dB-Hz. When the 
CNR passed below 45.82 dB-Hz, ade- 
quate link margin could not be guaran- 
teed. Of course, one could use the data 
rate of 2.4 kb/s all the time to ensure 
maximum availability of the communica- 
tion link, but this low data rate would not 
be adequate for transmitting high-quali- 
ty voice communications. 

This work was done by Edgar H. 
Satorius, Loretta H. Tong, and Barry K. 
Levitt of Caltech for NASA's Jet 
Propulsion Laboratory For further 
information, write in 31 on the TSP 
Request Card. NPO- 19821 



Time, Arbitrary Units 


The Data Rate Would Be Switched to maintain a least a 3-dB link margin as the carrier-to- 
noise-density ratio (CNR) passed above or below either of two threshold levels (51.82 or 
48.82). In the region below the dashed line, communication would be deemed unreliable 
because the link margin there would be < 3 dB. 


Neural-Network Guidance System for a Mobile Robot 

The robot would compute its position from proximity-sensor readings. 

Lyndon B. Johnson Space Center, Houston, Texas 


An electronic sensing and control 
system is being developed for use in 
guiding a mobile robot through hall- 
ways and rooms in a building. The sys- 
tem was designed for the Courier robot 
— a mobile robot that serves as a test 
bed for robotic technology and for 
studying interactions between humans 
and robots in an office environment. 

The system would include five ultra- 
sonic sonar proximity sensors, which 


would measure distances to nearby 
walls and other objects at various 
angles with respect to the body of the 
robot. A data-processing subsystem 
containing electronic neural networks 
would process these distances to com- 
pute the horizontal position (x,y) and 
the orientation or heading (0) of the 
robot (see Figure 1). Unlike in some 
prior robotic guidance systems, it 
would not be necessary to use bar- 


code targets and/or active beacons 
that the robot could recognize to deter- 
mine its position, and it would not be 
necessary to use highly precise odom- 
etry to track movements between rec- 
ognizable targets. Instead, the neural 
networks would be trained to recognize 
the surroundings from the sensor read- 
ings, and low-precision odometry 
would suffice for navigation between 
recognized locations. 
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If you think our military motors 
are tough, wait until you see 
our commercial motors! 



Most people know us for our 
military motors. And we do 
make a lot of them. We’re in some of 
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Figure 1 . Proximity Sensors on the robot would measure distances to nearby walls. The 
robot would compute its position and orientation (x,y,0) from the sensor readings. 


There would be three independent 
back-propagation-learning neural net- 
works; one each for x, y and Q. Each net- 
work would contain three layers; a 5-node 
input layer, a 45-node hidden layer, and a 
single-node output layer (see Figure 2). 
The neural-network approach is proposed 
for this system because electronic neural 
networks are high-speed parallel-pro- 
cessing circuits modeled after the manner 
in which neurons are connected in the 
human brain. These circuits have the abil- 
ity to map (learn) the functional relation- 


ships between input and output sets of 
data — in this case, the functional rela- 
tionships between proximity-sensor read- 
ings and (x,y,6) coordinates. 

The neural networks would be trained 
by use of designated areas, called 
“patches,” at a few locations in the 
building. At each of several locations 
within a patch, proximity-sensor read- 
ings would be taken with 6 set at each 
of the 21 increments of 1° in a total 
angular range of ±10°. The sensor read- 
ings (inputs) and the known x,y,6 coor- 


dinates (desired outputs) would thus 
constitute the input/output pairs of data 
that would be used to train the neural 
networks to recognize the surroundings 
and determine its position and orienta- 
tion when in a patch. 

The ability of the system to determine x 
and y within approximately 1 cm was 
demonstrated by computer simulation of 
the neural networks, using actual sensor 
data. However, initially, inconsistencies in 
data generated from the readings of the 
particular sensors used on the Courier 
robot made it impossible to train the 6 
neural network with only 5 sensor read- 
ings. In one promising alternative 
approach, the number of input nodes of 
the 0 neural network was increased to 
seven; the five sensor outputs were fed to 
five of the input nodes as before, and x 
and y as computed by the other two neur- 
al networks were fed to the other two 
nodes. This approach enabled the system 
to determine 6 with a root-mean-square 
error of only 0.414° at test positions (differ- 
ent from training positions) within a patch. 

This work was done by Michael Lin, 
Naveed Quraishi, and Jeffrey Bye of 
Johnson Space Center. For further 
information , write in 88 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial de- 
velopment should be addressed to the 
Patent Counsel, Johnson Space Center; 
(713) 483-4871. Refer to MSC-22318. 



trained to compute x, y and & from sensor 
readings by use of training data acquired at 
designated positions within the patches. 
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Xantrex Gives Your Next Project 
A Powerful Head Start. 


Power Supplies That Deliver Power You Can Rely On. 



Imagine the flexibility to control power 
sources anyway you want! Well you can with 
Xantrex power supplies. Now you'll have no 
limits on your ability to create and test your 
next innovative project. Xantrex guarantees 
consistent, precisely-controlled power. Choose 
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are and we'll design and deliver a customized 
power supply- on time and on budget. 


When you order your power supply from 
Xantrex, we're all involved to ensure you get 
what you need exactly ! And, we pay the ship- 
ping costs. Order from Xantrex today and 
receive the benefits of reliable power. Visit us at 
our web site: www.xantrex.com. Or, call toll free 
1-800-667-8422. 
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The Power To Rely On 
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Digital Filter ASIC Would 
Decimate by 1 ,600 

Eight stages of decimation would be 
implemented on a single chip. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


An application-specific integrated cir- 
cuit (ASIC) for decimating radio signals 
that contain scientific data is undergoing 
development and is designed to be fab- 
ricated in a single GaAs-based chip. The 
ASIC would be a 16-bit digital filter that 
would receive an input signal at a sam- 
pling frequency of 80 MHz and would 
decimate the signal by 1 ,600 to obtain 
an output signal at a sampling frequency 
of 50 kHz, with a band-pass ripple of 
less than 0.1 dB. 

In the ASIC, a memory with dynamic 
pointers would be used to implement 
digital delay lines. The pointers would be 
updated by use of dedicated adders. 


Filtering and decimation would be effect- 
ed, according to filter equations, as 
additions, multiplications, and accumu- 
lations of digitized signal levels that have 
been delayed by various amounts in the 
digital delay lines. 

The ASIC would contain two decima- 
tion-by-five units plus a single unit that 
would perform six decimations by two 
(see figure). The first decimation-by-five 
unit would include three multipliers oper- 
ating in parallel to accommodate the 
high input-data rate. However, sequen- 
tial operation of the second decimate- 
by-five unit would be feasible at its lower 
input rate. Accordingly, the second dec- 
imation-by-five unit would contain a sin- 
gle addition/multiplication/accumulation 
unit that would execute serial versions of 
the parallel algorithms executed in the 
first decimation-by-five unit. Either or 
both of the decimate-by-five units can 
operate in a decimate-by-four mode. A 
FIFO (first-in first-out) register, with 
capacity of four 16-bit data elements, 
would hold the output of the second 


decimate-by-five unit if the decimation- 
by-2 6 unit is busy. 

The decimation-by-2 6 unit would con- 
tain six half-band filters, of which five 
would have 19 taps and one would have 
51 taps. These filters would share a sin- 
gle multiplication/addition/accumulation 
unit. Accumulated values would be 
stored in memory. Successive decima- 
tion by two would result in operation of 
the last filters at relatively low frequencies. 

The filter coefficients input by the user 
would be stored in two register files. 
Pipelining would be used to maintain the 
80-MHz cycle throughout and for best 
utilization of hardware resources. Two 


control registers would define the opera- 
tion sequence, depending upon whether 
the input to each filter was even or odd 
and depending on which filter was 
active. For speed and density, the circuit 
would be implemented in a 350K GaAs 
gate array. 

There would be two outputs, one of 
which would be taken directly from the 
filters. A control register would deter- 
mine whether to proceed through all six 
half-band filters or to take output from a 
point before the last filters. The other 
output would be taken through a multi- 
plexer to a serial fiber-optic path; this 
output could be a replica of the 80-MHz 
input, of the final 50-kHz decimated sig- 
nal, or of the signal at any intermediate 
stage of decimation. 

This work was done by Jeff B. Berner 
and James E. Kowalski of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information , write in 96 on 
the TSP Request Card. 

NPO-19770 
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PID Temperature 
Controller With 
Fuzzy Logic 

Fuzzy logic would be used to 
select controller parameters. 

NASA's Jet Propulsion 
Laboratory, Pasadena, 
California 

A proposed temperature-control sys- 
tem would include a computer-assisted 
proportional, integral, and derivative (PID) 
controller that would regulate the power 
supplied to a small heater attached to a 
sample in a cryostat (see figure). The sys- 
tem would operate in the same manner as 
that of a traditional PID control system, 
except that the key PID parameters would 
be adjusted, from time to time, to opti- 
mize control performance in the sense of 
minimizing overshoot and settling time. 

In the system, all signals would be dis- 
cretized with a short sampling time T 0t 
so that the governing equation for the 
controller would be the discretized ver- 
sion of the standard PID control equa- 
tion; namely, 

U (/7)=G{e(n) + (r 0 /7;) 

£«(0+(V^n)-«(n-l)J 

/= 0 

where n is an integer that denotes the 
present sampling period, u(n) is the con- 
trol signal that the system generates in 
the effort to maintain the temperature at 
a set point, e(n) is the error signal (the dif- 
ference between the actual and set-point 
temperatures), G is the gain, 7, is the 
integration time, and T 0 is the differentia- 
tion time. 

The gain and the integration and differ- 
entiation times are the key parameters 
that can be manipulated to optimize con- 
trol performance. It is not easy to choose 
suitable values of these parameters, 
especially for set-point temperatures of 
only a few Kelvins. One major source of 
difficulty in choosing these values is the 
fact that in this temperature range, avail- 
able cooling powers are small in com- 



Fuzzy Logic would be used to adjust gain 
and characteristic times to optimize the per- 
formance of the PID controller. 



Magnaplate coatings solve tough 
wear, corrosion and performance 
problems on metal parts. 


“Synergistic" surface enhancements offer you these key benefits: 


l Create a harder-than-steel, corrosion 
resistant, non-stick surface on metal 
l Exhibit superior mold release 
l Meet FDA/USDA codes 
l Can be conductive or non-conductive 


I Outwear and outperform chrome 
and stainless steel 
I Permanently dry-lubricated 
I Solve clean-up problems 
I Won't chip, peel or rub off 


Coatings applied at our five facilities in the U.S. & Canada! 

For more information, visit our Web Site — http://www.magnaplate.com 

General Magnaplate 

1331 Rt. 1, Linden, NJ 07036 ■ (800) 852-3301 ■ FAX (908) 862-6110 
E-mail: info@magnaplate.com ■ Web Site: http://www.magnaplate.com 
Other plants: Arlington TX, Ventura CA, Racine Wl, Ajax, Ont., Canada 



For More Information Write In No. 410 


l 


^ North American i 

A luminum Extruder GENERAL EXTRUSIONS. INC. 

to Achieve ISO 9002 Certification. 

Since 1950. General Extrusions. Inc. has directed its efforts toward 
the design and production of quality fabricated and finished 
aluminum the extrusions. Our complete in-house services include: 

EXTRUSION 

Custom designs to meet your quality and 
I precision tolerance requirements. 


FABRICATION 

Fabrication, forming and machining processes 
performed on CNC machining centers 
_ and/or with dedicated ttx>ling. 


FINISHING 

Buffing • Brushing 

Sanding • Silk Screening 

Powder Coating 
Anodizing (Clear & Colors) 

ASSEMBLY 

Subassembly manufacturing 
including welding. 
Ixmding and fastening 
component parts. 




NASA Tech Briefs. December 1996 


For More Information Write In No. 411 


Call today for yen tr Free design # aide . 



INTELLIGENT DATA 
ACQUISITION & CONTROL 


parison with available heating powers, so 
that great care must be taken to prevent 
overheating. 

In the proposed system, the values of G, 
71 and T D would be chosen according to 
fuzzy-logic rules summarized in tables as 
functions of the real-time error signal e(n) 
and the real-time differential-error signal 
de(n)=e(n)-e(n- 1). The proposed rules are 
derived from conventional wisdom in PID 
control theory. Because the system would 
heat easily but cool with difficulty, the para- 
meter values for optimal control perfor- 
mance would have to be asymmetric with 
respect to positive and negative error values. 


A computational simulation was per- 
formed to compare the performance of the 
proposed system with that of a traditional 
fixed-parameter PID control system in 
maintaining temperature in a cryostat near 
the 3 He critical point of 3.3 K. The results 
of the simulation showed that the pro- 
posed system could achieve faster settling 
and smaller overshoot. 

This work was done by Inseob Hahn, 
Anthony Gonzalez, and Martin Bamnatz of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, write in 
32 on the TSP Request Card. 

NPO- 19969 



Deconvolution Method for Reducing 
Multipath GPS Errors 

Multipath errors are reduced to about one-tenth of previous values. 
NASA's Jet Propulsion Laboratory, Pasadena , California 


A Specialized DAP™ for 
Transient Recorder Applications 
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A method of signal processing has 
been proposed to reduce the deleterious 
effects of multipath propagation of the 
signals boradcast by Global Positioning 
System (GPS) satellites. GPS multipath 
propagation, caused primarily by reflec- 
tion and diffraction of GPS signals from 
structures near GPS antennas, reduces 
the accuracy with which a GPS receiver 
estimates its position and/or attitude. The 
present signal-processing method could 
help satisfy a need for increasing accura- 
cy in such applications as determining the 
positions and orientations of aircraft and 
spacecraft. The method involves estima- 
tion of the effects of multipath propaga- 
tion on received GPS signals, followed by 
deconvolution to remove the estimated 
multipath effects. The method incorpo- 
rates adaptive techniques for identifica- 
tion and estimation techniques, and leads 
to novel GPS-receiver architectures. 

The mathematical derivation of the 
method begins with a finite-impulse- 
response mathematical model of a multi- 
path channel with zero-mean additive 
white Guassian noise. The received GPS 
signal entering this channel is modeled as 
a sinusoid with pseudorandom-code 
phase modulation. The signal emerging 
from the multipath channel (in effect, the 
signal entering the GPS receiver from the 
antenna) would be processed through a 
delay-lock discriminator, wherein the signal 
would be correlated with two reference 
sinusoids with delay offsets of + r d and - ir- 
respectively. The correlator outputs would 
be demodulated by another reference sig- 
nal provided by a carrier-phase-lock loop. 
The difference between these demodulat- 
ed correlator outputs is denoted g(z), 
where r= the delay tracking error. 


By use of a number of such delay-lock 
discriminators, one could obtain an ap- 
proximation of a discriminator function 
D(z). The mathematical modeling shows 
that D(z) can be expressed as the convolu- 
tion of g(i) with the finite-impulse-response 
function h(tj. Knowing g( i), one could use 
an appropriate digital-signal-processing 
algorithm to approximate h (t) by discrete- 
time deconvolution form D(i). Then the 
estimate of h( i) could be used to decon- 
volve the pure GPS signal from the multi- 
path-affected version that entered the re- 
ceiver. Computational simulations have 
shown that processing by this method 
could reduce up to 35 multipath signals to 
typical levels between 1/10 and 1/100 of 
their orginal values. In simulations, the de- 
convolution method was able to reduce 
initial attitude errors of apporximately 
0.75°, to approxametly 1 arc minute. The 
results were obtained assuming 1 -m anten- 
na baselines and 20 multipath-error signals. 

This work was done by Kenneth H. Lau 
of Caltech and Rajendra Kumar of 
California State University, Long Beach, 
for NASA’s Jet Propulsion Laboratory. 
For further information, write in 15 on the 
TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights for 
its commercial use should be addressed to: 
Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315-6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19602, volume and num- 
ber of this NASA Tech Briefs issue, and the 
page number. 
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[f You Think Omron Only Makes Relays. 
Read Between Our Lines. 



I t’s true we’re the world’s number 
one relay supplier. So it’s not 
surprising to learn that design engineers 
and specifiers know us for our relays. 

But we also manufacture the 
world’s most complete line of sw itches 
and photomicrosensors. 

For years we’ve been building all 
types of switches, photomicrosensors, 
and relays for leading companies that 
manufacture telecommunications 
products, home and office electronics, 
computer peripherals, appliances, and 
HVAC equipment, just to name a few. 
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Proven reliability 
makes Omron 
relays, switches , 
and photo- 
microsensors the 
preferred choice 
of design engineers 
and specifiers 
worldwide. 


What does all this meaa? That’s 
simple. Our expertise has led to the 
development of standard components 
for all kinds of applications. And w hen 
you can fit a standard switch to your 
custom application, you’re looking at a 
considerable cost savings. Plus you’ll 
see your design go into production that 
much faster. 

In switches alone, we have basic 
switches, mechanical keyswitches, 
rotary and in-line DIP, thumbw heel and 
rocker switches, amplified and non- 
amplified photomicrosensors, PCB 
mount and connector-ready photo- 
microsensors, as well as lighted and 
oil-tight pushbuttons. 

And everything Omron makes is 
100% tested, available to you world- 


wide, and backed up by outstanding 
technical and distribution support. 

To find out if Omron has the 
component solution you’re looking for, 
call now to receive our Standard 
Products Catalog or visit our web site at 
http://www.oei.omron.com. For a 
directory of techinical data sheets, call 
ControlFax at 1-847-843-1963 and ask 
for document *50. 

If you respond to innovation and 
more efficient ways of doing business, 
it’s a story worth reading. 


1 800- 55 0MR0N 


ASK FOR OUR STANDARD PRODUCTS 
CATALOG. IT S FREE! 


omRon. 

WE HAVE THE FUTURE M CONTROL 
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Enhanced Electrochemical Reduction of C0 2 

C0 2 is decomposed into C and 0 2 in a single-step process. 

Lyndon B. Johnson Space Center, Houston, Texas 


Preliminary experiments have shown 
that it may be feasible to remove carbon 
dioxide from air and decompose it into 
oxygen gas and solid carbon in a single- 
step electrochemical process. Such a 
process would be used to keep air 
breathable in a habitable closed environ- 
ment like that of a spacecraft or subma- 
rine. Heretofore, some processes used 
for this purpose have been nonregener- 
ative, involving circulation of air through 
chemical sorbent beds. Other process- 
es have been regenerative and have 
involved multiple steps of (1) removal 
and concentration of C0 2 from the air, 
(2) reduction of C0 2 to CH 4 + H 2 0 or C 
+ H 2 0, and (3) electrolysis of the H 2 0 to 
generate 0 2 and H 2 . 

In principle, the electrochemical 
reduction of C0 2 directly to C and 0 2 is 
thermodynamically favored over the 
reduction of protons to H 2 gas. 
However, previous efforts to reduce C0 2 
electrochemically in aqueous solutions 
have yielded slow kinetics for the 
desired overall reaction C0 2 -> C + 0 2 
because of (1) the fast kinetics of com- 
peting reactions that yield products of 
intermediate oxidation state (e.g., 
CH 3 OH and CO) and (2) the strong 
absorption and adsorption of the inter- 
mediate products. 


In the experimental method, the elec- 
trolyte is a 25-percent solution of ethyl- 
ene diamine in water. Unlike in some 
older processes, there is no need to con- 
centrate C0 2 prior to electrolysis 
because ethylene diamine can absorb 
C0 2 directly from the atmosphere, up to 
a concentration of 1 mole of C0 2 per 
mole of ethylene diamine. The main chem- 
ical products of the electrolysis of C0 2 in 
ethylene diamine are C, 0 2l and H 2 . 

It had been theorized that the kinetics 
that favor the desired overall reaction 
C0 2 -> C + 0 2 could be enhanced by 
adding a soluble derivative of Ceo (buck- 
minsterfullerene). The reason is that ^60 
is highly electronegative and therefore 
might serve as an intermediary to trans- 
fer electrons to C0 2 both in the bulk of 
the electrolyte and in the vicinity of the 
electrode, thus preventing strong 
adsorption of the intermediate products 
on the electrode. Accordingly, the solu- 
ble compound C6o(N 2 C 2 Ha) 6 was pre- 
pared by stirring Ceo in ethylene diamine 
for about 1 day at room temperature. In 
experiments with Ag electrodes (see fig- 
ure), it was found that in the presence of 
Ceo(N 2 C 2 H 8 ) 6 , the evolution of hydrogen is 
reduced; that is, the efficiency of produc- 
tion of the desired C and 0 2 is increased. 
Some of the carbon is deposited on the 


electrode surfaces, while some precipi- 
tates in the electrolyte. 

This work was done by Rauof O. 
Loutfy and C. T. Lee of Materials & 
Electrochemical Research (MER) Corp. 
for Johnson Space Center. For further 
information, write in 84 on the TSP 
Request Card. 

MSC-22279 


Rubber dc Power 



This Electrochemical Cell was used in the 
experiments on the electrochemical reduc- 
tion of C0 2 . 


Thermoelectric-Device-Aided Heat-Flux 
Gauges and Radiometers 

These sensors could be used where liquid cooling is not practical. 

Lewis Research Center, Cleveland, Ohio 

ety of configurations. In the example 
illustrated in the figure, a thermal 
radiometer would be mounted on a ther- 
moelectric device on a heat-dissipating 
radiator, and thermocouples would be 
used to monitor the temperatures of the 
sensor and radiator surfaces. The power 
to the thermoelectric device would be 
controlled, in response to the thermo- 
couple readings, to maintain the sensor 
surface at a set temperature. In this 
case, the sensor temperature would be 


Heat-flux gauges and radiometers of 
a proposed type would incorporate ther- 
moelectric devices for active cooling. 
These sensors could be used to mea- 
sure conductive, convective, and/or 
radiative heat fluxes in vacuum systems 
and other environments in which cooling 
with circulating liquids is impractical. 

Active cooling is needed because 
accurate heat-flux measurements de- 
pend on maintaining sensor, test-piece, 
and/or adjacent guard surfaces at mea- 


sured or specified temperatures. For 
example, in measuring insolation with a 
thermal radiometer, it is necessary to 
prevent convection, which could intro- 
duce an error into the measurement by 
diverting some of the heat flux from the 
radiometer. A thermoelectric device 
could be used to cool the radiometer to 
ambient temperature and thereby elimi- 
nate convection. 

Sensors, thermoelectric devices, and 
test pieces could be mounted in a vari- 
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JANDEL - A FAMILY OF SCIENTIFIC SOFTWARE SOLUTIONS 


At Jandel you supply the data, 
we provide the solution. 



GRAPHING 


Sigma Plot* 


Choose from a complete set of 2D and 3D graph types and then customize 
every detail to create the exact graph you need. Analyze your data with 
SigmaPlot's extensive mathematical transforms and summary statistics. 
SigmaPlot automatically fits and graphs polynomial regressions up to the 
10th order and 95% or 99% confidence and prediction intervals. Microsoft 
Office and OLE 2 compatibility means SigmaPlot is even more versatile - 
you can even use an Excel worksheet inside SigmaPlot! From data import 
to final output SigmaPlot gives you graphing flexibility every step of the way. 
* When it comes to choosing the program that will best meet the needs of the 
bulk of scientific and engineering users , it isn 't close: it 's SigmaPlot by a mile. " 


- Barry Simon, Ph.D. Desktop Engineering Magazine, Sept/96 
Comparative review of 1 1 scientific graphics packages. 


Write in No. 532 


DATA ANALYSIS 

SigmaStat', TableCurve* & PeakFit' 

Analyzing and validating your results is a crucial pan of the research 
process. SigmaStat offers powerful comprehensive statistical procedures 
and an "expen system" design that features automatic assumption check- 
ing, messy data handling, repons with an explanation of your results, 
presentation-quality graphs and an Advisor Wizard that recommends 
the correct test to run. SigmaStat gives you results you can trust. 

TableCurve 2D and 3D combine powerful data fitting capabilities with the 
ability to find the ideal equation to describe empirical data. Extremely fast and easy 
to use, TableCurve 2D and 3D automatically locate best fit candidate equations for 
your X,Y and X,Y,Z data from a built-in set of functions. Or enter your own functions 
to be fitted and ranked along with the built-in equations. PeakFit is also available 
to separate and fit up to 100 overlapping, difficult to resolve peaks on your 
spectroscopy, chromatography and electrophoresis data. 

Write in No. 533 




IMAGE ANALYSIS 

SigmaScan', SigmaScan Pro &• SigmaGel’ 

SigmaScan and SigmaScan Pro are two powerful image measurement 
and analysis software tools that allow you to analyze your digital images 
quickly and accurately. Just scan in your image, enhance, calibrate or 
annotate your image, measure it using any of 44 different measurement 
features, analyze your data and output the information. SigmaGel is also 
available to perform quantitative gel and spot analysis on your own PC. 

Join the 1 5 0.000 scientists and engineers Wri,e ,n No - 534 

who use Jandel products for their research solutions. 


CALL 1-800-4-JANDEL ( 1 - 800 - 452 - 6305 ) 

AMD PUT JANDEL PRODUCTS TO WORK FOR YOU TODAY! 

Or visit our website at http://www.jandel.com 


Jandel Scientific Software 2591 Kemer Blvd. San Rafael CA 94901 Phone: 1-800-4-JANDEL (415) 453-6700 FAX (415) 453-7769 
e-mail: sales@jandel.com Internet: http://www.jandel.com Jandel Scientific Software has dealers and distributors worldwide. Call , fax or email 
Jandel U.S. for a representative in your country. 

All company and/or product names are trademarks of their respective companies. 0 1996 Jandel Corporation. 

Jandel merges with SPSS. Details on page 16 H. 


Jandel 







Data Acquisition 
and Instalment 
Control with 
Microsoft Excel 


Measure” 

for Windows 

Microsoft Excel Add-In for 
Direct Analog I/O and RS-232 
Measurement and Control 

• Use simple dialogs to setup 
I/O operations 

• No complicated programming 
or conversion algorithms 

• Measurement data is placed 
directly into user-specified 
worksheet cells 

• Compatible with National 
Instruments DAQ boards and 
any serial-controlled 
measurement device 

With Measure, you define analog 
I/O and serial command 
operations through simple, 
easy-to-use, pop-up dialog boxes. 
Automate your measurements 
with Excel macros using Visual 
Basic for Applications (VBA). 
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demo software. 
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Product and company noma luted are trademark* or trad* names of 
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lower than that of the test piece; in anoth- 
er case, the sensor temperature might be 
higher. An additional option would be to 
coat the sensor with the same material as 
that of the test piece, so that the radiative 
properties of the sensor and test-piece 
surfaces would be identical or at least suf- 
ficiently similar that these properties would 
not affect the sensor calibration and there- 
fore would not have to be measured. 

This work was done by Peter S. Merrill 


of Rockwell International Corp. for Lewis 
Research Center. No further documen- 
tation is available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW-15837. 
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Thermal Radiation ► ^(Therma^Radiometer) 



The Thermoelectric Device and the Radiator would provide active and passive cooling to 
maintain the sensor at the desired temperature. 


Membrane Modules Separate 
Nitrogen From Carbon Dioxide 

Rubbery polymer membranes permeate carbon 
dioxide preferentially over nitrogen. 

Lyndon B. Johnson Space Center, Houston, Texas 


Modules that contain thin membranes 
permeable by gases have been devel- 
oped to remove nitrogen from gas mix- 
tures that contain some nitrogen and 
that are rich in carbon dioxide. Such gas 
streams occur in some industrial 
processes and in some closed-circula- 
tion systems that revitalize air for breath- 
ing in enclosed habitats like those of 
submarines and spacecraft. Separation 
of nitrogen from carbon dioxide is nec- 
essary in air-revitalization systems 
because in all practical processes for 
conversion of carbon dioxide to oxygen, 
the equipment cannot function properly 
for long times when the nitrogen content 
exceeds 0.2 percent. The modules 
could also be used to remove carbon 
dioxide and hydrogen sulfide from natu- 
ral gas and to concentrate carbon diox- 
ide from smelter and flue gases. 

The membranes used for the separa- 
tion of nitrogen and carbon dioxide are 
more permeable to carbon dioxide than 
nitrogen. Passing a feed gas containing 
carbon dioxide and nitrogen across 


such a membrane produces two gas 
streams. The nonpermeating gas stream 
is depleted in carbon dioxide and 
enriched in nitrogen, while the permeat- 
ing gas is mainly carbon dioxide. The 
driving force for this separation is provid- 
ed by the difference in the carbon diox- 
ide partial pressure on the two sides of 
the membrane. 

An indication of the achievable 
degree of separation is the membrane 
selectivity, which is the ratio of the per- 
meabilities of carbon dioxide and of 
nitrogen through the membrane. The 
membranes in the prototype modules 
are made of Pebax® 401 1 (or equiva- 
lent), which is a rubbery polyam- 
ide/polyether block copolymer. The 
selectivity of such a membrane is theo- 
retically about 60, though the actual 
value is usually somewhat smaller and 
depends on process conditions. 
Although the selectivities of some 
glassy polymers are initially greater, rub- 
bery polymers like this one, even with 
lower initial selectivities, are still prefer- 
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able. This is because rubbery polymers 
are less susceptible than glassy polymers 
to plasticization by carbon dioxide and the 
resulting decreases in their selectivity. 

The membrane used in the prototype 
modules is a composite comprising an 
ultrathin layer of the selective polymer 
coated onto a microporous support layer. 


The membrane is wound into a spiral 
around a collection pipe and enclosed 
along with the pipe to form a module. 
Most of the prototype modules are 25 
cm long and 4 cm in diameter and con- 
tain 650 cm 2 of effective membrane area. 

The modules were tested with a feed 
stream of 97 CCV1 0 2 /2 N 2 (numbers 


are in percent). The modules produced a 
carbon dioxide-rich permeate stream at 
a pressure of 30 psia (207 kPa) contain- 
ing less than 0.2 percent nitrogen (see 
figure). Initially, the recovery of carbon 
dioxide was limited to the range 60 to 65 
percent because of concentration polar- 
ization effects within the membrane 
modules. A modified module design 
reduced concentration polarization ef- 
fects and improved performance. 

This work was done by Richard Baker, 
Amulya Athayde, Huong Ly, and John 
Davidson of Membrane Technology and 
Research, Inc., for Johnson Space 
Center. For further information, write in 
82 on the TSP Request Card. 

In accordance with Public Law 96- 
51 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to; 

Ms. Tessa Ennals 
1360 Willow Road, Suite 103 
Menlo Park, CA 94026-1516 
(415) 328-2228 

Refer to MSC-22252, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Nitrogen Purge 
[7 cm 3 (STP)/s] 
81 .5% C0 2 
5.2% 0 2 
13.3% N 2 


Feed Gas — 
[50 cm 3 (STP)/s] 
97% C0 2 
1%0 2 
2% N 2 
90 psia 


- Membrane Separator 
C0 2 Flux Per Unit Differential Pressure: 
5.4 x 10~ 5 cm 3 (STP)/cm 2 • s • cmHg 
CCVN 2 Selectivity: 38 


Permeate Product 
[43 cm 3 (STP)/s] 
99.47% C0 2 
0.33% 0 2 
0.20% N 2 
30 psia 


The Performance Figures shown in this schematic representation of the operation of a poly- 
mer-membrane C0 2 /N 2 separator module are based on the performances of prototype mod- 
ules in experiments. 
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Satellite Tool Kit: 

Answering The Most Demanding Analysis Questions 


Satellite Tool Kit (STK)™ provides the answers space 
industry professionals need. Functional on both Unix* 
and Windows* platforms STK provides the most 
comprehensive analytical and graphic power available 
to engineers, systems operators, analysts and project 
managers. Critical questions are answered immediately. 


Saleitrte Tool Kit 
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„ STK provides the most 
comprehensive satellite 
analysis anywhere. 

STK offers state-of-the- 
art visibility analysis, \ 
instantly. . 


Consistently rated # 1 by the world's most demanding 
analysts, STK's power is in its productivity, flexibility 
and ease of use. 

• STK pays for itself in less than 4 months by 
dramatic increases in analysis productivity! 

• STK's 7 years of intense development means 
validated, verified, accurate analysis! 

• Users can quickly and easily perform the most 
complex realtime or analysis tasks! 
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Visual Indicator of Filter 
Exhaustion 

Granules turn black in the 
presence of organic gases. 

Lyndon B. Johnson Space Center, 

Houston, Texas 

The figure shows a device that provides a visual indication of 
the condition of a filter that is used to remove volatile organic 
compounds from air. The filter is a barrel filled with a carbon fil- 
ter material that absorbs the volatile organic compounds until it 
becomes saturated. The device satisfies the need of mainte- 
nance technicians for a quick, easy way to determine whether 
saturation has occurred, without exposing themselves to the 
gases in the barrel. 

The device includes a transparent plastic tube that is mount- 
ed on top of, and sealed to, the barrel. A wire-screen basket 
that holds granules of an indicator material is suspended on a 
rod that slides vertically in the plastic tube, with a gasket sliding 
seal between the rod and a plug at the top of the tube. During 
normal operation of the filter, the basket is lowered into the bar- 
rel just above the carbon filter material. For inspection, the bas- 
ket is raised into view in the plastic tube, all without breaking 
the seal. The granules of indicator material turn black when 
exposed to organic gases, indicating that the carbon filter 
material has become saturated. 

This work was done by Victor Dominguez , George R. 
Hackler, and Ron J. Gamboa of Lockheed Engineering and 
Sciences Co. for Johnson Space Center. For further informa- 
tion, write in 59 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, Johnson Space Center; (713) 483-4871. 
Refer to MSC-22525. 



The Wire-Screen Basket Containing Indicator Granules is nor- 
mally kept lowered into the barrel but can be raised for inspection. 
The gasket prevents leakage of gas from inside the barrel. 
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Li x SiP y Solid Electrolytes for Rechargeable 
Li-Ion Batteries 

Lithium silicon phosphides with antifluorite crystalline structure may be superior 
solid-state electrolytes. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Lithium silicon phosphides Li 5 SiP 3 and 
Li 8 SiP 4 , which have antifluorite crystalline 
structure, are being investigated to 
determine their electrochemical proper- 
ties. These compounds have been pre- 
dicted to exhibit both high ionic conduc- 
tivity and wide electrochemical windows 
(decomposition potentials > 4 V) at room 
temperature. If experiments show that 
U 5 SiP 3 and Li 8 SiP 4 do, indeed, exhibit 
these properties, then these com- 
pounds could serve as superior solid- 
state electrolytes for rechargeable lithi- 
um-ion-based electrochemical cells. 
Batteries containing these electrolytes 
could be useful in applications in which 
high energy densities are required; such 
applications could include electric vehi- 
cles and load leveling. 

Solid-state electrolytes with both high 
ionic conductivity and high decomposi- 
tion potential are needed for room-tem- 
perature solid-state Li-ion batteries. 


Prior research has focused on lithium 
nitrides with layered structure (for exam- 
ple, Li 3 N) or antifluorite structure (for 
example, Li 8 SiN 4 ) as potential solid-state 
electrolytes. The room-temperature con- 
ductivity of Li 3 N is high (1CT 3 Q _1 cm -1 ), 
but its decomposition voltage is low (0.4 
V versus Li/Li + ). As shown in plot 1 of the 
figure, the conductivities of lithium silicon 
nitrides of antifluorite structure increase 
with Li content; Li 8 SiN 4 has the highest 
conductivity, (10“ 5 ft^cm' 1 ) at room tem- 
perature. The decomposition potential of 
lithium silicon nitrides of antifluorite 
structure (for example, Li 3 SiN 2 ) has been 
measured to be >1 .2 V. Recently, it has 
been observed that the room-tempera- 
ture conductivities of lithium phosphides 
having a layered structure (for example, 
Li 3 P, as shown in plot 2 of the figure) are 
greater than that of Li 3 N by a factor of 
about 4. In addition, the decomposition 
potential of Li 3 P is 2.2 V, which is more 


than 5 times that of U 3 N. However, at 
present, the conductivities and decom- 
position potentials of lithium silicon 
phosphides of antifluorite structure 
remain unknown. 

The following considerations give rise 
to the prediction that lithium silicon phos- 
phides of antifluorite structure (in particu- 
lar, U 5 SiP 3 and U 8 SiP 4 ) should both exhib- 
it high conductivity and high decomposi- 
tion potential at room temperature: 

• From plot 2 in the figure, it is expected 
that the conductivity of Li 8 SiP 4 would 
exceed that of Li 8 SiN 4 . In addition, 
from plot 1 , it is expected that Li 8 SiP 4 
should have the highest conductivity 
among the lithium silicon phosphides. 

• Given that the decomposition potential 
of Li 3 P is at least 5 times that of Li 3 N, 
the decomposition potentials of the 
lithium silicon phosphides of antifluo- 
rite structure may be greater than 4 V. 
If the decomposition potential of the 


Temperature, Kelvin Temperature. °C 

500 400 350 500 100 0 




These Plots of Ionic Conductivities of various lithium compounds lead to the expectation that the proposed solid electrolytes would have 
the desired high ionic conductivities. 
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antifluorite phosphides is > 4 V, then 
they will be stable against transition- 
metal oxides (for example, LfeMn^J 
now used as the cathode materials for 
lithium batteries. High decomposition 
potential will be most important in 
applications in which high potential is 
the prime requirement. 


This work was done by Chen-Kuo 
Huang, Jeff Wolfenstine, and Subbarao 
Surampudi of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 53 on the TSP 
Request Card. 

NPO- 19684 


Chemical Vapor Deposition of Silicon 
Carbide With Controlled Doping 

Ratio of SiC-precursor flows are adjusted to control dopant 
incorporation in growing SiC epilayers. 

Lewis Research Center, Cleveland, Ohio 


Silicon carbide (SiC) is emerging as 
a material of choice for fabrication of 
high-power and/or microwave-fre- 
quency semiconductor devices suit- 
able for operation in high-tempera- 
ture, high-radiation, and corrosive 
environments. Currently, the initial 
step in making SiC semiconductor 
devices is a process called chemical 
vapor deposition (CVD), which allows 
single crystal layers (epilayers) of 
varying electrical character to be 
grown. The SiC epilayers are pro- 
duced in the CVD process by thermal 
decomposition of commercially avail- 
able silicon-source and carbon- 
source gases onto boule-derived SiC 
substrates. The electrical character is 
tailored by the addition of dopants, 
impurity elements that affect the epi- 
layer electrical properties, which are 


Prior to this reported work, control 
over dopant incorporation for CVD SiC 
epilayers had been very limited. Repro- 
ducible doping was typically confined to 
a relatively narrow doping range, which 
has restricted SiC device performance 
to below theoretically predicted values. 
This doping range was recently greatly 
expanded by the NASA Lewis Research 
Center discovery that the ratio of the sil- 
icon-source flow to carbon-source flow 
during the CVD epilayer growth could 
be used to control the dopant incorpo- 
ration and, therefore, the electrical prop- 
erties of the growing SiC epilayers. This 
process, named “site-competition epi- 
taxy,” serves to expand greatly the dop- 
ing range to produce much lower 
doped SiC epilayers than was previous- 
ly possible. In addition, site-competition 
epitaxy can also be used to produce 
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This Schematic Representation of a site-competition epitaxy model illustrates carbon (C) 
outcompeting nitrogen (N) for the vacant C-lattice site of the SiC crystal, resulting in lower n- 
doping in the epilayer. 


added during the CVD SiC epilayer 
growth by flowing either nitrogen (for 
n-type) or trimethylaluminium (for p- 
type). However, in order for the inher- 
ently superior high-temperature semi- 
conductor properties of SiC to be 
realized in advanced electronic device 
applications, control over the elec- 
tronic properties of the CVD SiC epi- 
layers must be improved. 


more highly doped SiC epilayers when 
more electrically conductive SiC epilay- 
ers are desired. Expanding the repro- 
ducible doping range to include lower 
concentrations has enabled the fabrica- 
tion of multikilovolt SiC power devices, 
whereas the availability of higher doping 
concentrations has resulted in devices 
with improved performance because of 
lower parasitic resistances. 


For More Information Write In No. 417 
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The site-competition epitaxy working 
model is based on the competition 
between the SiC-source gases and the 
dopant-sources for the available substi- 
tutional lattice sites on the growing SiC 
crystal surface. Dopant incorporation is 
controlled by appropriately adjusting the 
Si/C ratio within the growth reactor to 
affect the amount of dopant atoms incor- 
porated into substitutional SiC crystal lat- 
tice sites. These sites are either carbon- 
lattice-sites (C-sites) or silicon-lattice- 
sites (Si-sites) located on the active 
growth surface of the silicon carbide 
crystal. Specifically, our model for site- 
competition epitaxy is based on the prin- 
ciple of competition between nitrogen 
and carbon for the C-sites and between 
aluminum and silicon for the Si-sites of 
the growing silicon carbide epilayer. The 
concentration of n-type (nitrogen) dopant 
atoms, which can occupy only C-sites, 
incorporated into a growing silicon car- 
bide epilayer can be decreased by 
increasing the carbon-source concentra- 
tion so that C “outcompetes" N for the 
available C-sites, as shown schematical- 
ly in the figure. 

Analogously, the amount of p-type 
dopant (aluminum) atoms incorporated, 
which can only occupy Si-sites, can be 
decreased by increasing the silicon- 
source concentration within the growth 
reactor so that Si outcompetes Al for the 
Si-sites (not shown). 

In summary, the nitrogen donor con- 
centration in the grown epilayer is propor- 
tional to the Si/C ratio during epilayer 
growth, whereas the aluminum acceptor 
concentration is inversely proportional to 
the Si/C ratio. Site-competition epitaxy 
was used (as depicted in Fig 1) to pro- 
duce the very-low-doped epilayers 
required for the world's first 6H-SiC 2,000 
V and 3C-SiC 300 V diodes. More recent- 
ly, this novel growth technique has 
enabled the fabrication of SiC junction 
field-effect transistors (JFETs) that can 
operate at 600 °C in air for 30 hours. The 
site-competition epitaxy technique not 
only greatly expands the doping range for 
SiC but also allows for more reproducible 
dopant control within the previously 
attainable doping range. Additionally, site- 
competition epitaxy is the only known 
route to grow degenerately doped epilay- 
ers which result in ohmic as-deposited 
(i.e. unannealed) contacts for a variety of 
metals on both p-type and n-type SiC 
epilayers. 

This work was done by David J. Larkin, 
J. Anthony Powell, and Lawrence G. 
Matus of Lewis Research Center and 

Philip G. Neudeck of Ohio Aerospace 
Institute. For further information, write in 
87 on the TSP Request Card. 
LEW-15803 
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Computer Programs 


COSMIC: Transferring NASA Software 
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Electronic Components 
and Circuits 


Program Verifies 
Continuity in Microchip 
Conductor Layouts 


The Chip Connectivity Verification 
(CCV) program examines proposed lay- 
outs of conductors in integrated-circuit 
microchips to verify electrical continuity 
between probe pads. CCV satisfies a 
need for comprehensive and efficient 
means of testing for geometric continu- 
ity (and thus, presumably, electrical con- 
tinuity) of conductors before committing 
to fabrication and physical testing of 
designs that typically specify hundreds 
of metal strips, wires, vias, and other 
conductors on a chip. CCV works with 
the user in constructing paths of linked 
objects that represent the pads and the 
many conductors that connect them 
together. CCV is written in C++ in the 
UNIX environment. The chip design 
must be constructed by use of the L- 
EDIT program, and the design data file 
must be in CIF (CalTech Intermediate 
Form) format. CCV uses the UNIX pro- 
gramming tools Lex and Yacc to parse 
the CIF data and form the relevant data 
into object commands usable by the 
main part of the program. Once it has 
found equations for the lines that bound 
any two objects, the program can test 
intersection points of their lines. If they 
intersect within the boundaries, then the 
objects overlap and are presumably in 
electrical contact. By repeating this 
process, the program identifies an elec- 
trical path between different locations on 
a chip. Every line on every object is test- 
ed against all the lines on the chip. 

This program was written by Josh Riley 
and George Patterson of Caltech for 
NASA’s Jet Propulsion Laboratory 
For further information, write in 16 on 
the TSP Request Card. 


In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 

Refer to NPO- 19802, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Electronic Systems 


Software for Automated 
Processing of Spacecraft 
Power Data 

The TPower computer program was 
developed to automate and accelerate 
the recording, analysis, and reporting of 
operating parameters of solar photo- 
voltaic and storage batteries in the 
power system aboard the TOPEX 
spacecraft. Prior to the development of 
this program, daily power- status reports 
were generated from manual calcula- 
tions performed on data entered manu- 
ally in tables; moreover, a time-consum- 
ing manual procedure was followed in 
recalling and processing past data from 
a standard tape record. Written in 
FoxPro 2.5 on a PC, TPower provides 
for automatic extraction of processed 
satellite data from a VAX flight comput- 
er and insertion of the data into a PC 
data base for use in analyzing trends 
and making predictions. The entire pro- 
gram is operated via a user-friendly 
graphical user interface. Daily status 
reports are generated automatically. 
Graphical and statistical reports are 


made by use of FoxPro MS Graph. The 
program also archives the data for 
future analysis of trends. The data are 
instantly available for viewing in either 
graphical or tabular format. An alarm 
feature is included in the report-genera- 
tion capability; any reported parameter 
can be compared with limits and, if it 
violates any limit, a comment to that 
effect can be inserted in the daily report. 
The limits can easily be changed, calcu- 
lated, and/or derived from within the 
program. Any special events that 
occurred during a given day are insert- 
ed in the daily report by use of a com- 
ment data base, which stores a series 
of events and the date and time of 
occurrence for each event. 

This work was done by Robert L 
Sherwood and Fotios Deligiannis of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 27 on the TSP Request Card. 
NPO- 19599 



Physical Sciences 


Software for Interactive 
Presentation of Planetary 
Data 

The Welcome to the Planets™ com- 
puter program provides a multimedia 
display of data on the planets of the 
Solar system. The data were derived 
from various NASA missions and com- 
piled from the Planetary Data System, 
the Public Information Office, and the 
United States Geological Survey. The 
data are supplied as animated images, 
captions with audio, and a glossary. 
Each datum in the compilation was 
peer-reviewed to insure the accuracy of 
the facts and images presented. The 
program was designed to serve as a 
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THE FACTS SPEAK FOR 
THEMSELVES, BUT 
SOMETIMES THEY DO 
NEED INTERPRETING. 


What exactly is your data try- 
ing to tell you? Well, the best 
way to find out is with Axum® 
5.0, the world's premier tech- 
nical graphing and data analysis 
software. And now, Axum 
5.0’s powerful new additions 
let you delve deeper With 


1 HE FASTEST 
WAY TO 
CREATE A 
GRAPH 


1) Select the data 
columns you want 
to plot. 

2) Click on the 
desired 2D or 3D 
plot type button. 

3) Your publication- 
quality graph is 
created instantly. 
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new ways to explore and 
analyze your data, and 
present your findings. 

From over 80 publi- 
cation-quality 2D and 3D 
graphs to exclusive 
Multipanel Plots™ that 
reveal data patterns you 
can’t find with traditional 
methods, new Axum 5.0 
offers you greater insight 
And lets you to con- 
vert your graphs into 
PowerPoint presentations 
instantly, so you can better 
communicate this insight 

New Axum 5.0 also gives 
you complete and unprece- 
dented control over every 
detail. Customize toolbars 
and menus and set up multiple 
toolbars, depending on your 
needs. Axum automates 
repetitive tasks and records 
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Radiation 


Axum’s exclusive Multipanel Plots ™ display subsamples of data across 
multiple panels, revealing the effects of conditioning variables. 

See for yourself. For 

more information, or to 

order new Axum 5.0, 

visit our website at 

http://www.mathsoftcom 
or call 1-800-628-4223 

Information on educa- 
tional distributors and 
site licensing is also 
available. 

Get graphing soft- 
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New: create a PowerPoint 
presentation quickly and easily. 



Mathcad users can access the full 
power of Axum 5.0 without leaving 
the Mathcad environment 


your operations as scnpt that 
you can save, edit and execute. 
All this saves you time and 
money, and gives you the com- 
petitive edge you need. Plus its 
from the makers of Mathcad®, 
the leading software for tech- 
nical professionals 


ware that helps you visualize 
your data, and tells you what 
your data is really saying. 



M a t h S o f t 


Microsoft 4 Designed for 


SciTec 


A 




1 0 1 Mam Street Cambridge, MA 02 1 42 USA • Phone: 800-628-4223 or 6 1 7-577- 1 0 1 7 • Fax 6 1 7-577-8829 
MathSoft IntematcnaL Kntfrtway House. fVk Street. Bagshot Simey GU 1 9 5AQ UKTeEnW{0)l276 452299« f^44^l27645l224 

Cl 996 Hatfoft.hc. Aln^tsmemed A>on^Ma»cadargarega^traderTafte<^M<hSo 4 fe MJtpar^f\ 3 fe 8 at^a[ 1 erT^ofMa^ 6 (A^^ ^o»erprtidu^ are tradenrwisor tier reyeCBsg c c rnp a nc. Compatible WindOWS 95 

X45A5 


OFFICE Microsoft 


For More Information Write In No. 677 









From Sensors to... Solutions... 

SpectraPad™ 

DAQ, Analysis and reporting 
Cost-effective, Multi-channel, 
Field/Mobile Vibration/Noise Solutions 


• 1 6/32 channel 20 KHz/Ch • Pentium ThinkPad ' 

• FFT Analyzer • ICP, AA filter conditioning 

• Affordable high performance • 2+ gigabyte DAT and Zip™ 

turnkey system Drives 

• On-the-spot solution in • LabVIEW -based noise 

harsh environments and vibration software 



Reliable system in a portable package 
High power at low cost 
Ruggedized using Viscoelastic Damping 
Hours of gap free high speed data streaming 




Spectra Quest, Inc. 

4130 Innsloke Drive, phone: 804-270-941 1 

P.O.Box 5423 fax: 804-270-9419 

Glen Allen VA 23060 info@spectraquest.com 



tool for education and entertainment that is unique as to the 
quality, selection, and presentation of the data. The program is 
in a graphical interactive compact-disk/read-only-memory 
(CD-ROM) format for execution on Macintosh and PC 
Windows computers. Also included on the CD-ROM is a 
HyperText Markup Language (HTML) version for use on other 
computers. 

This program was written by Michael D. Martin, David S. 
Hecox, and Brian Howard of Caltech for NASA’s Jet 

Propulsion Laboratory For further information, write in 21 

on the TSP Request Card. 

NPO-19804 


Software for Precise GPS Calculations 

The GIPSY OASIS II computer program accepts data col- 
lected by a permanent worldwide network of more than 1 0O 
Global Positioning System (GPS) reference receivers and con- 
tinuously processes these data, along with a network refer- 
ence time, into precise three-dimensional position data on the 
orbits of GPS satellites, plus satellite and ground-station clock 
offsets. GIPSY OASIS II incorporates the most precise avail- 
able models of the dynamics of spacecraft, geophysical quan- 
tities, propagation of radio signals, and relativistic effects. In 
addition, it features a modular structure that makes it flexible 
and adaptable to almost any satellite-tracking estimation 
problem, plus a unique combination of parameter-estimation 
techniques that provide capabilities not available together in 
other software. The demonstrated performance of GIPSY 
OASIS II is characterized by root-mean-square uncertainties in 
position of 20 cm for GPS satellites, 5 cm for other satellites, 
and < 1 cm for ground locations. Timing accuracy better than 
1 ns has been demonstrated worldwide, both on the ground 
and in outer space. 

This work was done by William Bertiger, Ron Muellerschoen, 
Sien-Chong Wu, Yoaz Bar-Sever, Ken Hurst, Geoff Blewitt, 
Stephen Lichten, Thomas Yunck, Catherine Thornton, James 
Zumberge, and Michael Heflin of Caltech for NASA’s Jet 
Propulsion Laboratory For further information, write in 13 
on the TSP Request Card. 

In accordance with Public Law 96-517, the contractor has 
elected to retain title to this invention. Inquiries concerning rights 
for its commercial use should be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19636, volume and number of this NASA Tech 
Briefs issue, and the page number. 


Improved Software for Predicting Solar 
Proton Fluxes 

An improved version of the Visual Utility for the Localization 
of Corona Accelerated Nuclei (VULCAN) computer program 
has been written. The previous version of VULCAN was 
described in “Predicting Arrival of Protons Emitted in Solar 
Flares” (NPO-19263), NASA Tech Briefs , Vol. 20, No. 4 (April, 
1996), page 50. To recapitulate: VULCAN provides both 
advance warnings and insight for postevent analyses of the 
effects of solar flares. Using measurements of the peak fluxes, 
times of detection, and locations (on the Sun) of radio and x- 
ray emissions from the Sun, VULCAN predicts the times of 
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onset of the fluxes of protons at the Earth, the locations (with 
respect to the Earth) of incidence of these fluxes, and the peak 
values of these fluxes. The previous version of VULCAN incor- 
porates a mathematical model of transport of protons along 
spiral trajectories, the model being presumably valid for Earth. 
In the improved version of VULCAN, the model of the previous 
version is extended, so that now it is possible to predict and 
analyze solar-flare proton fluxes anywhere in the solar system. 
The improved version also provides additional capabilities for 
manual entry of solar physical data. 

This work was done by John N. Spagnuolo, Jr., Cecilia 
Cheng, Felipe Hervias, and Ursula Schwuttke of Caltech for 
NASA’s Jet Propulsion Laboratory For further information, 
write in 26 on the TSP Request Card. 

In accordance with Public Law 96-517, the contractor has 
elected to retain title to this invention. Inquiries concerning rights 
for its commercial use should be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19681, volume and number of this NASA Tech 
Briefs issue, and the page number. 


Software Models Lumped-Parameter 
Systems in Steady States 

The DAGGER computer program simulates the steady-state 
behavior of a lumped-parameter hydrothermal system, which 
could contain feedback loops. In comparison with programs 
developed previously for the same purpose, DAGGER pro- 
duces the fastest, cheapest, and most accurate simulation. 
The input to DAGGER comprises a set of algebraic equations 
and tables that specify the behavior and parameters of the sys- 
tem. Optionally, the input can also include specifications of 
algorithms representing known feedback loops. The output 
includes a numerical simulation of the steady state of the sys- 
tem, but DAGGER does not perform the simulation by solving 
the equations in the “brute-force” manner of other programs. 
Instead, DAGGER first automatically abstracts a parameter- 
dependency graph of the model equations in terms of hierar- 
chically nested state and control feedback loops. Then it pre- 
sents this abstract structure to the user, who specifies prefer- 
ences for constructing an equation-solving algorithm for each 
loop. DAGGER thus reduces the space of independent para- 
meters that must be searched and helps the user to compare 
diverse mathematical models in terms of structural feedback 
and modeling assumptions. 

This program was written by Nicolas Rouquette of Caltech for 
NASA’s Jet Propulsion Laboratory For further information, 
write in 66 on the TSP Request Card. 

In accordance with Public Law 96-517, the contractor has 
elected to retain title to this invention. Inquiries concerning rights 
for its commercial use should be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA91125 
(818) 395-3288 

Refer to NPO- 19720, volume and number of this NASA Tech 
Briefs issue, and the page number. 
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Mechanics 


Software for Assessing 
Ice-Impact Damage in 
Aircraft Engines 

BLASIM is a stand-alone computer 
code that was developed to assess ice- 
impact damage on aircraft engine 
blades. When an aircraft flies through a 
cloud of supercooled water droplets, ice 
forms on forward-facing structural com- 
ponents. One such component is the 
engine inlet. With time, the ice accretes 
on the inlet and eventually is shed 
because of vibrations. As a result, blocks 
of ice traveling at high speed impinge on 
engine blades rotating at high speed. 
Impacts of ice can cause severe damage 
to blades and other parts of the engine. 
Hence, it is necessary to assess effects 
of ice impacts. 

BLASIM utilizes a computationally effi- 
cient coarse mesh of fixed finite triangu- 
lar plate elements. BLASIM supports 
mathematical modeling of pressure, tem- 
perature, moisture, and centrifugal blade 
loading. BLASIM performs assessments 
of local and root impact damage; reso- 
nance-margin calculations; and static, 
dynamic, flutter and fatigue analyses. 
BLASIM can also perform these assess- 
ments and analyses for cases with con- 
secutive ice impacts, with geometry 
updated after each impact. 

BLASIM can model solid, hollow, 
superhybrid, and composite blades. A 
solid blade is made of a single material, 
whereas hollow and superhybrid blades 
are constructed with prescribed com- 
posite materials. A composite blade can 
have a maximum of seven different 
material layers with 25 composite plies. 
The properties of a composite blade can 
be specified in terms of properties of 
individual plies or of fiber/matrix combi- 
nations. 

Geometrical input to BLASIM can be 
given in either a NASTRAN-type finite- 
element grid or in airfoil coordinates; this 
option increases the flexibility of the pro- 
gram. Also, the input to the code can be 
generated through an interactive pro- 
gram called PREBLASIM, which is pro- 
vided with the BLASIM package. PRE- 
BLASIM cannot be compiled or run on a 
CRAY computer, but input files can be 
generated by use of PREBLASIM on 
another computer and then moved to a 
CRAY computer. PREBLASIM is not 
essential to the proper running of 
BLASIM because the input files can be 
generated manually. 

BLASIM is written in FORTRAN 77. 


Three machine versions are available 
from COSMIC. The CRAY version (LEW- 
16260) has been successfully imple- 
mented on a CRAY Y-MP computer run- 
ning UNICOS 8.0.3.4, using the CF77 

6.0. 4. 1 compiler. The SGI version (LEW- 
16259) has been successfully imple- 
mented on an SGI Indigo 2 computer 
running IRIX 5.3, using the FORTRAN 77 

4.0. 2 compiler. The VAX version (LEW- 
16140) has been successfully imple- 
mented on a DEC VAX-series computer 
running VMS 5.5, using the FORTRAN 
5.4-79 compiler. The standard distribu- 
tion medium for the CRAY and SGI ver- 
sions of BLASIM is one 0.25-in. (6.35- 
mm) streaming-magnetic -tape cartridge 
(Sun QIC-24) in UNIX tar format. The 
standard distribution medium for the VAX 
version of BLASIM is one TK50 tape car- 
tridge in DEC VAX BACKUP format. 
Alternate distribution media and formats 
are available upon request. 

This program was written by E. S. 
Reddy and G. H. Abumeri of NYM A, Inc., 
for Lewis Research Center 

For further information on LEW-1 61 40, 
write in 2 on the TSP Request Card. 

For further information on LEW- 16259 
write in 3 on the TSP Request Card. 

For further information on LEW- 1 6260, 
write in 4 on the TSP Request Card. 
LEW-16140/16259/16260 


SAGE — Multidimensional 
Adaptive-Grid Code 

The Self Adaptive Grid CodE (SAGE) 
computer program is a flexible software 
tool for adapting and restructuring two- 
and three-dimensional computational 
grids. SAGE can improve the perfor- 
mances of flow-field programs in four 
ways: 

1 . The accuracies of the solutions are 
increased because computational 
errors are distributed evenly through- 
out solution domains. 

2. Convergence of flow-solver software 
is accelerated. 

3. Flow computations that previously 
would not converge can now be made 
to converge. 

4. The time and effort needed to create 
an initial solution grid is reduced, inas- 
much as SAGE improves the quality of 
the grid during the adaptation process. 
Solution-adaptive-grid methods are 

useful for efficient and accurate predic- 
tion of flows. In supersonic and hyper- 
sonic flows, such strong-gradient regions 
as shocks, contact discontinuities, and 
shear layers give rise to the need for 
careful distribution of grid points to mini- 
mize grid errors and produce accurate 
predictions of flow fields. SAGE helps the 



Hot or cold, Novotechnik’s 
position sensors with enclosed 
return springs are designed for 
long life (100 x 10 6 operations) in 
temperatures from -30'C to +100'C 

The new TR/TRS series features double bearing 
systems on both actuator shaft and spring, reducing side 
load errors and leading to independent linearities of up to 0.075%. 

Resolution of the TR/TRS is better than 0.002mm. 

The TR/TRS series is compatible with automatic retraction systems. Sensors are 
available with either a stress-relieved 3-conductor cable (TR) or plug-and-socket 
connection (TRS), and come in four stroke lengths: 25, 50, 75 and 100mm. 

For our free catalog of motion sensors and transducers, contact: 


novotechnik 

Siedie Group 

Visit our Web site at http://www.novotechnik.com 


Novotechnik U.S., Inc. 

237 Cedar Hill Street 
Marlborough, MA 01752 
Telephone: (508) 485-2244 
Fax: (508) 485-2430 
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user obtain solutions of greater accuracy 
by redistributing (i.e., adapting) the origi- 
nal grid points on the basis of an initial or 
interim flow-field solution. The user then 
computes a new solution by submitting 
the adapted grid as input data for the 
program being used to solve the equa- 
tions of flow. 

In adaptive-grid methodology, the 
problem of adaptation of a multidimen- 
sional grid is solved by following an alge- 
braic, unidirectional approach. The adap- 
tation procedure is analogous to applying 
tension and torsion spring forces propor- 
tional to the local gradient of flow at every 
grid point, and finding the equilibrium 
position of the resulting system of grid 
points. The adaptation of a multidimen- 
sional grid is split into a series of one- 
dimensional problems along the grid 
lines. These reduced problems are then 
solved by use of a tridiagonal algorithm 
to find the locations of grid points along 
each coordinate line. The algorithm is 
applied sequentially in each coordinate 
direction to achieve the adaptation of the 
multidimensional grid. 

The computed tension forces direct 
the redistribution of points toward the 
strong-gradient regions. To maintain 
smoothness and maximum orthogonality 
of grid lines, the torsional forces relate 
information between adjacent families of 
lines. The smoothness and orthogonality 
constraints are direction-dependent, 
inasmuch as these constraints relate the 
adaptation of each coordinate line only to 
previously calculated neighboring lines. 
Therefore, the solutions are nonunique 
and depend on the order and direction of 
adaptation solving. The nonuniqueness 
is acceptable because it makes possible 
an overall, as well as local, reduction of 
error via the computed redistribution of 
the grid. 

The ability of SAGE to modify the 
adaptation in boundary regions substan- 
tially increases the flexibility of the adap- 
tive scheme. The vector approach used 
in the analysis also increases flexibility. 
The user has complete choice of the 
direction and order of sequential adapta- 
tions, without need to be concerned for 
the computational data structure. 
Multiple-pass solutions are available, with 
no constraints on stepping directions. 
For each adaptation pass, the user can 
select a new set of parameters. This 
capability, combined with edge boundary 
control, enables the program to individu- 
ally adapt multidimensional multiple 
grids. Zonal grids can be adapted while 
maintaining continuity along common 
boundaries. For patched grids, the multi- 
ple-pass capability enables complete 
adaptations. 

SAGE was written in FORTRAN 77 


and is machine-independent. SAGE has 
been implemented on the following com- 
puter/operating system combinations: 
Sun4/SunOS 4.1.3, SGI Indigo 2/IRIX 
5.2, DEC VAX/VMS 5.5, HP 9000 series 
700/HP-UX 8.07, CRAY Y-MP/UNICOS, 
DECstation 3100/RISC ULTRIX 4.3, IBM 
RS-6000/AIX 3.2, and IBM PC-compati- 
bles/MS-DOS 6.2. 

Source code is included with the pro- 
gram, but no sample input and output 
files are provided. The program reads 
three data files; a set of original grid coor- 
dinates, a set of corresponding flow-field 
variables, and the user’s control parame- 
ters. The grid-coordinate and flow-field- 
variable input files are defaulted to the 
format defined in the PLOT3D plotting 
program. PLOT3D is available for several 
platforms from COSMIC. Computer- 
memory requirements depend on the 
size of the grid matrix. 

SAGE was developed in 1989, first 
released in a two-dimensional version in 
1992, and upgraded to three dimensions 
in 1993. The current version (2.0) was 
released in 1995. SAGE is available in 
several distribution media and formats 
from COSMIC (www.cosmic.uga.edu). 

This program was written by Carol B. 
Davies of Sterling Software and Ethiraj 
Venkatapathy of Thermosciences Insti- 
tute for Ames Research Center For 
further information, write in 36 on the 
TSP Request Card. 

ARC-13359 


SINDA/FLUINT Version 2.6 

The Systems Improved Numerical 
Differencing Analyzer (SINDA) computer 
program is a software system for solving 
lumped-parameter representations of 
physical problems governed by diffusion- 
type equations. SINDA was originally 
designed for analyzing thermal systems 
represented in electrical-analog, lumped- 
parameter form, although its use can be 
extended to include other classes of 
physical systems that can be modeled in 
this form. As a thermal analyzer, SINDA 
can handle such interrelated phenomena 
as sublimation, diffuse radiation within 
enclosures, transport delay effects, and 
sensitivity analysis. 

The Fluid Integrator (FLUINT) program 
is an advanced one-dimensional fluid- 
analysis program that solves equations of 
arbitrary fluid-flow networks. The working 
fluids can be single-phase vapors, single- 
phase liquids, or two-phase fluids. The 
SINDA/FLUINT system enables the 
analysis of the mutual influences of ther- 
mal and fluid problems. While the 
SINDA/FLUINT software package is 
often described as two programs, it is 


only one whole program and could not 
be easily separated. 

The SINDA system consists of a pro- 
gramming language, a preprocessor, and 
a subroutine library. The SINDA language 
is designed for working with lumped- 
parameter representations and finite-dif- 
ference solution techniques. The pre- 
processor accepts programs written in 
the SINDA language and converts them 
into standard FORTRAN. The SINDA 
library consists of a large number of 
FORTRAN subroutines that perform a 
variety of commonly needed actions. The 
use of these subroutines can greatly 
reduce the programming effort required 
to solve many problems. 

Internally, a complete run of a 
SINDA/FLUINT model is a four-step 
process. First, the user’s desired model is 
run through the preprocessor, which 
writes out data files for the processor to 
read and translates the user’s program 
code. Second, the translated code is 
compiled. The third step requires linking 
the user’s code with the processor 
library. Finally, the processor is executed. 
SINDA/FLUINT is therefore like an exten- 
sion of FORTRAN, able to accommodate 
user instructions and customizations. 

SINDA/FLUINT provides the following 
capabilities and features: 20,000 nodes, 
100,000 conductors, 100 thermal sub- 
models, and 25 fluid submodels. 
SINDA/FLUINT can model two-phase 
flow, capillary devices, fluids defined by 
users, gravity and acceleration body 
forces on a fluid, and variable volumes. 
The program enables simulation of 
nonuniform heating and facilitates mod- 
eling of thin-walled heat exchangers. The 
ability to model nonequilibrium behavior 
within two-phase volumes is included. 

Recently, the following improvements 
have been added to SINDA: improved 
automatic timestep control, the ability to 
model real evaporators, a quick tabular 
fluid-properties look-up option, the ability 
to model sonic limits by the detection of 
choking in all or portions of a model, rou- 
tines to facilitate the modeling of water 
hammer and acoustic waves, and high- 
er-fidelity two-phase options including 
slip flow and flow-regime mapping. 
Applications range from parametric com- 
ponent sizing to full system-level tran- 
sient simulation. 

SINDA/FLUINT is available by license 
for a period of ten years to approved 
licensees. The licensed program product 
includes the source code and one copy 
of the supporting documentation. 
Additional copies of the documentation 
may be purchased separately at any time. 

SINDA/FLUINT is written in FORTRAN 
77. COSMIC offers three machine ver- 
sions of SINDA/FLUINT Version 2.6: one 
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Our Laser Is Well Known 
Around These Parts. 



Gasket Manufacturing 



Marking Microprocessors 




Color Marking on 
Anodized Aluminum 



Cutting Plexiglas 




Textile Cutting 




Cutting Paper 




Marking Plastic Cutting and Welding Plastic 



Rubber Stamps 


And the list doesn’t stop here. The 
more manufacturers get to know our 
RF-excited, sealed CO 2 lasers, the more 
uses they keep finding for them. 

This growing popularity makes sense 
when you consider how versatile and 
cost-efficient our lasers can be. All the 
parts shown here were marked or cut in 
seconds or less - in some cases while 
moving on high speed production lines. 

No tooling is required. The 
lasers power and motion are 
controlled using a simple PC. 

Images, graphics, and text can 
be created in standard CAD or 
graphics software - delivering 


greater process flexibility. 

Changing the pattern is as 
simple and quick as loading 
a new computer file. 

Plus, the lasers small focused spot 
and non-contact approach eliminate the 
use of dies, blades, scribers or ink So you 
can expea increased accuracy, resolution 
and process savings. 

We offer models from 10 to 250 
watts of power, allowing you 
to selea the laser that matches 
your application and budget. 
And, as they all take advantage 
of our patented all-metal 
construction, you get over 


20,000 hours continuous operation. 

With no gas bottles or other consum- 
ables. That’s why Synrad lasers 
cost less to buy and run than any 
other models. 

If you don’t recognize your 
application on this page, don’t worry. Our 
biggest customers had never used a laser 
before talking to us. 

To find out how lasers can take part 
in your application, call (800) SYNRAD1. 


SYNRAD 




6500 Harbour Heights Pkwy., Mukilteo, WA 98275 (206) 483-6100 . Fax (206) 485-4882 
E-mail: synraddsynrad.com Web Site: http://www.synrad.com 


International Representatives 

Australia 61 1376) 15200 Belgium 32 (71 1488-44-8. Chino 86 143*5891 Denn-ork 45 (354) 30133 England 44 11 2951-267755. Franca 33 1-60.7939.00. Gemwy 49 898W 350. 
Greece 30 312045-50. Hungory 36 1-2690105 Isrori 972 95741 1 1. Jopon 81 (33) 758-1 1 1 1 Ne»heHonds 31 172-43-12-34. Polond 48 224-31802. Singopore 65 382-2633 

Spoin 34 1-35 88.61 1 . Sweden 46 87-569190. Turkey 90 2-12203-2670. 
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Shape the Future with 
CVD Silicon Carbide® from 
Morton Advanced Materials 

Chemically vapor deposited beta CVD Silicon Carbide 
offers high purity (>99.9995%), superior chemical resis- 
tance, thermal conductivity (>300 Wrn^K* 1 ), stiffness and 
polishability (<3 A RMS). More than a coating,- CVD Silicon 
Carbide fabricated parts are available up to 40" OD and 1" 
thick. In semiconductor processing (>1500°C), optics, 
wear components, and electronic packaging applications, 
CVD Silicon Carbide is shaping new ideas. Contact us 
today with your design requirements and together, we can 
shape your future. 
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Metal Solutions 


Over 60 different alloys in strip, wire and centerless 
ground bar stocked in our Elgin and Dallas warehouses. 

When your design criteria demands high 
strength, lightweight, corrosion and/or tem- 
perature resistance, please call Elgiloy at 
847-695-1900. Our strength lies in supplying 
small quantities for prototype testing and 
design experiments with short turnaround time. 



Typical Power Plant Applications: 
• HastelloyX 
•Haynes 25 (L-605) 

• Haynes 188 

• Waspaloy 
•Rene 41 


Typical Instrumentation 
Applications: 

•Elgiloy 

• MP35N 


o 



Typical Airframe Applications: 

•Elgiloy 
•Haynes 242 
•Iconel X-750 ATI 
•Inconel 718 
•MP35N 

• Titanium. 


Elgiloy® Limited Partnership 

1565 Fleetwood Dr.. Elgin. IL 60123 
Phone: 847/695-1900 Fax: 847/69545169 
Internet HTTP: //WWW.ELGILOY.COM 


Our stale of the orl facility is ISO 900? fevered and 
operates under Pratt & Whitney ICS, General Electric, 
and NADCAP quality rertilitotions 


Haynes and Haslelloy are registered trademarks of Haynes 
International. Inconel and Monel are registered trademarks 
of Into Alloys International MP 3SN is a trademark of SPS 
{ethnologies Waspaloy is o trademark of United lechnoiogies 


for DEC VAX-series computers running VMS (MSC-21528), one 
for CRAY Y-MP-series computers running UNICOS (MSC- 
21778), and one for HP9000-series 700/800 computers run- 
ning HP-UX (MSC-22524). COSMIC has also successfully 
implemented the HP-UX version on DECstation 3100-series 
computers running DEC RISC ULTRIX and SGI IRIS computers 
running IRIX. Sample executable codes for each version are 
provided on the corresponding distribution medium (only HP- 
UX executable codes are provided for the HP-UX version). 

The VAX version of SINDA/FLUINT contains a graphical dis- 
play program called EXPLOT. EXPLOT requires the DISSPLA 
graphics software package. The VAX, CRAY, and HP9000 ver- 
sions of SINDA/FLUINT also contain SINGE, an additional 
graphics program developed at Johnson Space Flight Center. 
Both source and executable code are provided for SINGE. If 
you need to create your own SINGE executable code, you will 
also need the NASA Device Independent Graphics Library 
(NASADIG, previously known as SMDDIG; VAX version, MSC- 
22511; UNIX version, MSC-22512). 

The standard distribution medium for the VAX version of 
SINDA/FLUINT is a 9-track, 1,600-bit/in. (630-bit/cm) magnetic 
tape in DEC VAX BACKUP format. It is also available on a TK50 
tape cartridge in DEC VAX BACKUP format. The standard dis- 
tribution medium for the HP9000 version of SINDA/FLUINT is a 
4mm DAT tape in UNIX tar format. The standard distribution 
medium for the CRAY version of SINDA/FLUINT is a 0.25-in. 
(6.35-mm) streaming-magnetic-tape cartridge (Sun QIC-24) in 
UNIX tar format. Alternate distribution media and formats are 
available upon request. SINDA was originally developed in 
1971, with fluid flow added in 1975. A complete rewrite of 
SINDA occurred in 1985 and the fluid flow for that version was 
added in 1987. The thermal portions of the old and new ver- 
sions are very similar, but the fluid-flow parts of the two versions 
are entirely different. SINDA version 2.6 was released in 1994. 
Versions of SINDA/FLUINT for the PC, Mac, Sun, and HP are 
also available from a COSMIC-licensed reseller, as are training, 
usage support, and a modern graphical user interface that 
allows analysts to work with SINDA/Fluint models visually. 

This program was written by Mark Welch of Lockheed 
Engineering and Sciences Co. and Brent Cullimore and Steven 
Ring of formerly Martin Marietta for Johnson Space Center 

For further information on MSC-21528, write in 14 on the 
TSP Request Card. 

For further information on MSC-21778, write in 17 on the 
TSP Request Card. 

For further information on MSC-22524, write in IQ on the 
TSP Request Card. 

MSC-22524 



Mathematics and 
Information Sciences 


Hybrid Automated Reliability Predictor, 
Version 7.0 

The Hybrid Automated Reliability Predictor (HARP) computer 
program is the modeling engine at the core of Langley Research 
Center’s HiRel software system for prediction of reliability and 
availability. This program can accept textual input interactively or 
in the form of input files created by the user, and it produces 
tabular structured ASCII files as output. Other components of 
the HiRel suite, which are available separately from COSMIC, 
provide interactive graphical input/output interfaces for the 
HARP program. The Graphics Oriented (GO) input program 
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The MATRIX x ® Product Family is the only complete solution for graphical design, simulation, automatic code and document 
generation and testing of real-time dynamic systems. 

Featuring 

■ SystemBuild rM - graphical modeling and simulation 

■ Xmatb ™ - object-oriented mathematical analysis and visualization 

■ Autocode® - automatic C and Ada code generator 

■ Document™ - automatic documentation generator 

■ RealSim Series™- rapid prototyping computers 

Available for Windows®95. WindowsNT,, and UNIX platforms 

Visit the new MATRIX X Webinar at: http://wTvw.isi.coin/webinar 


■^1 1 integrated 
| systems 


To dramatically shorten your development time, please^ call: 

Integrated Systems, Inc. 

800.770.3338 (U.S. and Canada only) or 408.542.1500 
World Wide Web: http://www.isi.com 
E-Mail: mtx-info@isi.com 
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enables users to “draw” reliability models 
of complex systems, using fault-tree 
notation or Markov graphs. On the basis 
of these drawings, GO creates files that 
HARP can accept as input files. The 
HARP output program, HARPO, enables 
users to graphically display the tabular 
HARP output data in a variety of forms. 
For further information about GO and 
HARPO, please refer to the COSMIC 
program abstracts for LAR-15189 and 
LAR-15190, respectively. 

HARP provides a general Markov mod- 
eling capability to conveniently model the 
reliability and availability of a wide variety 
of systems. Its primary input is in the form 
of a fault tree that can be entered in tex- 
tual form. The fault tree is not limited to 
the traditional combinatorial modeling 
approach. The addition of four special 
fault tree gates, called “sequence depen- 
dency gates,” enables the generation of 
dynamic fault-tree models that were not 
practically solvable by use of analytic 
solution techniques until now. The fault 
tree, a familiar and convenient notation for 
expressing reliability models, is automati- 
cally converted by HARP into a Markov 
model, which is solved to produce a reli- 
ability prediction. HARP also accepts sys- 
tem reliability and availability models 
expressed directly in the form of a Markov 
model, of which the user specifies the ori- 
gin and destination states, together with a 
state-transition rate. 

For fault-tolerant systems in which 
redundancy and subsystem reconfigura- 
tion are used to achieve ultrahigh pre- 
dicted reliabilities, even the automatic 
model-generation capabilities of HARP 
may be inadequate to cope with the 
potentially millions of Markov states that 
would be necessary to model the reliabil- 
ity of a system. HARP offers several inno- 
vative model-reduction techniques to 
make it possible to computationally solve 
large models. These techniques include 
model truncation with bounds, state 
aggregation with fault-tree model gener- 
ation, use of a simple multifault model, 
and behavioral decomposition. The sim- 
ple multifault model is applicable primari- 
ly to ultrareliable fault-tolerant system 
models. Significant state reduction can 
also be achieved by accurately modeling 
pairs of nearly coincident faults and 
approximating the occurrence of more 
than two nearly coincident faults. 

Of all the techniques, behavioral 
decomposition offers the greatest state 
reduction when handling of faults and 
errors is required. Behavioral decomposi- 
tion is a mathematical technique that 
exploits two specific behaviors of fault- 
tolerant systems; (1) failures of hardware 
parts and subsystems typically occur 
after thousands of hours of operation 


and (2) the time involved in the handling 
of faults and errors is usually of the order 
of milliseconds to seconds. The wide dis- 
parity — typically six orders of magnitude 
— of system time constants makes 
HARP results accurate enough for prac- 
tical applications. The mathematical 
basis of behavioral decomposition guar- 
antees that the behavioral-decomposi- 
tion model will be conservative with 
respect to the model given to HARP. 

HARP can handle (1) dynamic fault 
trees with repeated nodes (i.e., shared 
basic events), (2) repairable systems (to 
determine instantaneous availability) 
specified by use of Markovian fault- 
occurrence/repair models, (3) systems 
with sequence-dependent failures as 
dynamic fault trees of Markov chains, and 
(4) systems with cold and warm spares. 
HARP can utilize the Weibull failure distri- 
bution including hot spare repairable sys- 
tems. It can also provide automatically 
generated, guaranteed parametric 
bounds on the reliabilities of systems for a 
large number of applications of practical 
interest and for all Markov models. 

HARP is written in ANSI FORTRAN 77, 
and has been successfully implemented 
by COSMIC on a Sun4 computer running 
SunOS 4.1.3. Sample Sun4 executable 
codes are provided on the distribution 
medium. The authors have also success- 
fully implemented this version on CRAY Y- 
MP, Alliant, Convex, Encore, Gould, 
Pyramid, and 7iApollo-series computers. 
If it is necessary to create a new HARP 
executable code, an ANSI standard FOR- 
TRAN 77 compiler will be required. The 
standard distribution medium for the Sun 
version of HARP is a 0.25-in. (6.35-mm) 
streaming-magnetic tape cartridge (Sun 
QIC-24) in UNIX tar format. Alternate dis- 
tribution media and formats are available 
upon request. HARP has been under 
development since 1981 , and HARP v7.0 
was released to COSMIC in 1994. 

This program was written by S. J. 
Bavuso of Langley Research Center 
and E Rothmann, and J. B. Dugan of 
Duke University. For further information , 
write in 38 on the TSP Request Card. 
LAR-15188 


Software for Graphical 
Input to HARP 

The Graphics Oriented (GO) computer 
program is one component of Langley 
Research Center’s HiRel software system 
for prediction of reliability and availability. 
GO provides an interactive, graphical 
interface for producing input to the 
Hybrid Automated Reliability Predictor 
(HARP) computer program. HARP, which 
is available separately from COSMIC (see 


LAR-15188), is the modeling engine at 
the core of HiRel. A third component, 
HARPO (see LAR-15190), serves as a 
graphical postprocessor for HARP. 

Often, a reliability engineer must graph- 
ically represent a reliability model before it 
can be solved. The graphical-input capa- 
bilities of GO increase productivity and 
decrease the incidence of error. In addi- 
tion to aiding in the verification of the reli- 
ability model, GO provides reliability engi- 
neers with a readily understandable for- 
mat for presenting complex model infor- 
mation to company management, regula- 
tory agencies, and company customers. 

With GO, a user can interactively 
describe a reliability system as either a 
fault tree or as a Markov chain. Fault-tree 
representations are easily described, 
and HARP can convert them into 
Markov-chain systems before solving 
them. Fault trees are readily understand- 
able as initial models for reliability sys- 
tems; however, they are unable to model 
systems with repairs, so the Markov- 
chain conversion can be used thereafter 
to complete the model by adding repair 
transitions and rates. 

Graphical-user-interface (GUI) software 
tools and primitives provided by GO to 
model Markov chains include circles to 
represent system states or nodes, arrows 
to connect states in Markov chains, and 
arcs for state transitions or repairable sys- 
tems. GO also includes many flexible 
software tools and graphical primitives for 
modeling fault trees. A failure box is used 
to represent a failure of a system. Circles 
are provided for basic failure events in a 
tree. For logical operations, OR gates, 
AND gates, and M/N gates (at least M out 
of N events must occur to make such a 
gate produce an output) are provided. 

GO also supplies a number of more 
complex logical gates. The introduction 
of dependency gates in fault-tree nota- 
tion enables the modeling of very large 
fault-tolerant systems by use of a con- 
cise, visually recognizable, and familiar 
graphical language. Functional depen- 
dency gates, each of which can take one 
“trigger” input and produce one or more 
dependent outputs and a normal output, 
can be used in fault-tree diagrams. When 
a trigger event occurs, the dependent 
events are forced to occur, while the nor- 
mal output reflects the status of the trig- 
ger event. Priority- AND gates are also 
available when designing fault trees. In a 
priority-AND gate, both input events 
must occur, and the events must occur in 
certain order. Finally, GO includes a cold- 
spares gate that produces output when 
all of the inputs have occurred. 

GO is written in C language for Sun4- 
series computers running SunOS 4.1.3, 
SunGKS 4.1 (Sun Microsystems, Inc. 
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Graphics Kernel System), and either Sun 
Microsystems’ Open windows or revision 
5 of version 11 of MIT’s X Window 
System. Because the GKS run-time 
libraries are supplied with HARPO, it is not 
necessary to purchase GKS for execution. 
A sample executable code is provided on 
the distribution medium. If it is necessary 
to create a new executable code, then the 
Sun C compiler and the GKS INCLUDE 
files, which are not supplied, will also be 
needed. Recompilation should not be 
necessary on Sun4 computers. The stan- 
dard distribution medium for the Sun ver- 
sion of GO is a 0.25-in. (6.35-mm) 
streaming-magnetic-tape cartridge (Sun 
QIC-24) in UNIX tar format. GO has been 
under development since 1985 and was 
released to COSMIC in 1993. 

This program was written by S. J. 
Bavuso of Langley Research Center 
and E. Rothmann, and N. Mittal of Duke 
University. For further information, write 
in 39 on the TSP Request Card. 
LAR-15189 


Program Plots HARP Output 

The Hybrid Automated Reliability 
Predictor Output Graphics Display 
(HARPO) computer program interactive- 


ly plots output data from the HARP com- 
puter program (see LAR-15188) and 
supplies design engineers with a power- 
ful software tool for displaying alternate 
model data for tradeoff analyses. 
HARPO provides a clean, simple set of 
interactive prompts and menus in a 
graphical display environment. With this 
software, the following types of analyses 
can be performed: unreliability vs. mis- 
sion time, probability-of-failure bounds, 
worst/best-case bounds, summation of 
state probabilities, and sensitivity of sys- 
tems failure. 

HARPO was designed to be more 
than a graphical-display program for 
HARP HARPO provides a means of ana- 
lyzing the huge amounts of tabular relia- 
bility data produced by HARP, thus 
enabling the user to make tradeoffs 
between design alternatives within a 
particular system architecture or to com- 
pare different system architectural alter- 
natives simultaneously. Although this 
program can be used without an in- 
depth knowledge of the capabilities of 
HARP, a correct interpretation of the 
meaning of the graphical data does 
require that knowledge. Users of 
HARPO are encouraged to obtain the 
HARP documentation. 

HARPO is written in ANSI FORTRAN 


77 for Sun4-series computers running 
SunOS 4.1 .3, SunGKS 4.1 (Sun 
Microsystems, Inc. Graphics Kernel 
System) with the Sun GKS FORTRAN 
binding and either Sun Microsystems’ 
Openwindows or revision 5 of version 1 1 
of MIT’s X Window System. Because the 
GKS run-time libraries are supplied with 
HARPO, it is not necessary to purchase 
GKS for execution. A sample executable 
code is provided on the distribution 
medium. If it is necessary to create a 
new executable code, then the Sun 
FORTRAN 77 compiler and the GKS 
INCLUDE files, which are not supplied, 
will be needed. Recompilation should 
not be necessary on Sun4 computers. 
The standard distribution medium for 
HARPO is a 0.25-in. (6.35-mm) stream- 
ing-magnetic-tape cartridge in (Sun QIC- 
24) in UNIX tar format. HARPO has been 
under development since 1985 and was 
released to COSMIC in 1993. 

This program was written by S. J. 
Bavuso of Langley Research Center 
D. W. Sproles of Computer Sciences 
Corp., and T. R. Arthur of the Volunteer 
Services Program of Old Dominion 
University. For further information, write 
in 40 on the TSP Request Card. 
LAR-15190 
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Mechanics 


Clutch Combined With Screw-Released Roller Brake 

Sprags are jammed and unjammed to effect braking and release, respectively. 

Goddard Space Flight Center, Greenbelt, Maryland 


Several improved brake/clutch mech- 
anisms related to both overrunning 
clutches and roller locking devices have 
been invented. Braking in these mecha- 
nisms is effected by roller locking 
sprags, which are well known in brake 
and clutch engineering: Roller locking 
sprags are partly symmetrical or asym- 
metrical (in all three dimensions) devices 
or bodies with convex, curved outer 
wedge surfaces that make contact with 
concave and convex, curved wedge 
surfaces of relatively rotating members. 
The wedge surfaces of the sprags are 
jammed between the wedge surfaces of 
the relatively rotating members to stop 
the relative rotation, or are unjammed to 
allow relative rotation. 


shaft is rotated to drive the output 
shaft. 

During normal operation with the 
input shaft stationary, any attempt to 
rotate the output shaft causes the 
sprags to become jammed between a 
groove with wedge surfaces on the out- 
put shaft and a groove with wedge sur- 
faces in the housing. This jamming pre- 
vents the output shaft from rotating 
with respect to the stationary housing; 
in other words, the output shaft 
becomes braked. 

Each sprag comprises an upper sec- 
tion and a lower section that mate with 
each other through tongues and 
grooves with wedge surfaces. Preload 
springs bias the upper and lower see- 


the tripper nut rides up or down on the 
thread until its tripper surfaces engage 
mating surfaces on the sprags, pushing 
the upper and lower sections of the 
sprags together and thereby releasing 
the brake. 

With continued rotation of the input 
shaft, the tripper nut is driven up or 
down against one of two shoulder stops 
on the input shaft. Thereafter, rotation of 
the input shaft is coupled to the tripper 
nut, then through the tripper nut and 
splines to the output shaft, so that the 
mechanism acts as an engaged clutch. 
Rotating the shaft by the appropriate 
amount in the opposite direction disen- 
gages the clutch and restores the 
brake. 




MAGNIFIED VIEW OF A TRIPPER NUT 


Ball Bearing 
Tripper Nut 


Input (Driving) Shaft 


Mounting Hole 


Retaining Ring 

Upper Assembly Ring 

l — — Housing 


Shoulder 

Stops 


Recess for Preload Spring I 


Output (Driven) Shaft 

CROSS SECTION OF MECHANISM 


Recess 
Preload Spring 


MAGNIFIED EXPLODED VIEW OF A SPRAG 


In this Brake/Clutch Mechanism, braking or release of the output shaft is effected through rotation of the input shaft to jam or unjam roller 
locking sprags. Beyond the point of unjamming, rotation of the input shaft is coupled to the output shaft. 


The mechanisms are rather compli- 
cated, and it is possible to describe 
only a few salient aspects of one of 
them in this article. The mechanism 
(see figure) is connected to an input 
shaft (which can be actuated by a 
motor and gears) and an output shaft 
(which can be connected to a rotary 
load). The mechanism includes a hous- 
ing that is bolted to a stationary struc- 
ture. The overall function of the mech- 
anism is to brake the output shaft 
against rotation except when the input 


tions along the tongue and groove sur- 
faces in a direction to push the outer 
convex wedge surfaces into contact 
with the wedge surfaces of the grooves 
on the output shaft and in the housing. 

The sprags can be unjammed by 
pushing the upper and lower sections 
together. For this purpose, the mecha- 
nism includes a tripper nut that is 
threaded onto the input shaft and that 
mates with the output shaft via loosely 
fitting splines. When the input shaft is 
turned clockwise or counterclockwise, 


This work was done by John M. 
Vranish of Goddard Space Flight 
Center. For further information, write 
in 57 on the TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Goddard Space 
Flight Center; (301) 286-7351. Refer to 
GSC-13674. 
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Roller Unlocking Sprags 

Tripping mechanisms are not necessary for unlocking. 
Goddard Space Flight Center, Greenbelt, Maryland 



Figure 1. The Sprags Roll Into Lock when an attempt is made to turn the driving member 
counterclockwise faster than the driven member rotates. When the driving member rotates 
clockwise or the driven member rotates counterclockwise faster than does the driving mem- 
ber, then the sprags roll out of lock. 


Improved roller locking sprags have 
been invented for use in brake and 
clutch mechanisms — especially one- 
way, overrunning clutches (see Figure 1). 
In their locking action, these sprags 
function similarly to other roller locking 
sprags, as described in the preceding 
article. However, unlike other roller lock- 
ing sprags, these can be unlocked 
under load without using tripping mech- 
anisms that force the sprags into sliding 
motions to overcome locking friction; 
instead, these sprags can be unlocked 
under load with a rolling motion in the 
direction opposite that of the rolling 
motion that causes them to lock. 

Each sprag of the present type 
includes two roller sprag sections, 
denoted A and B in Figure 2, with cham- 
fered surfaces that make contact with 
relatively rotating members like the shaft 
and housing of Figure 1. Along with a 
preload spring, the tanglike portion of 
section B is inserted in the clevislike por- 
tion of section A. A pin is then inserted 
through holes in both sections to keep 
them in the required alignment with each 


Chamfered Sprag Contact Surfaces 



SPRAG DISASSEMBLED 



SPRAG ASSEMBLED 


Locked 




GEOMETRY OF CAM AND SPRAG CONTACT 
SURFACES ATTWO DIFFERENT POSITIONS 


Figure 2. A Roller Unlocking Sprag features three-dimensional rolling surfaces shaped to provide a roller unlocking motion while the sprag is 
still under load. 
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other. The pin fits snugly in the hole in 
section A, but the holes in section B are 
somewhat wider to give a large clear- 
ance around the pin. 

In operation, the loads on the cham- 
fered sprag contact surfaces push sec- 
tions A and B toward each other, causing 
them to make rolling contact with each 
other at some point along mating cam 
surfaces. As shown in Figure 2, these cam 
surfaces are slanted, the cam surfaces on 
section A are straight, and the cam sur- 
faces on section B are curved. The slant 
and curvature of the cam surfaces and the 
clearance around the pin are chosen to 
provide three centers of rotation at differ- 
ent positions along the cam surfaces; a 
center C for rotation of the sprag as a 
whole, a center C A (to the left of C) for 
rotation of section A, and a center C B (to 
the right of C) for rotation of section B. 


The limitation on space available for 
this article precludes a detailed descrip- 
tion of (1) the complex geometric rela- 
tionships that involve the centers of rota- 
tion and the sprag contact surfaces, and 
(2) the effects of these relationships on 
the resolution of forces. The net effects of 
these relationships can be summarized 
as follows: 

• As torque builds up during locking 
under a large load, the pin is pushed 
hard against the clearance hole in sec- 
tion A, and sections A and B are there- 
by constrained to move together as a 
unit, behaving similarly to a convention- 
al roller locking sprag. 

• When the two members coupled via 
the sprag are turned relatively to each 
other in the opposite of the locking 
direction, the pin moves away from 
contact with the edge of the clearance 


holes in section A. Within the clearance 
thus provided, sections A and B are 
free to rotate in opposite directions 
about C B . This rotation causes fore- 
shortening of the line between the con- 
tacts of the chamfered sprag contact 
surfaces and the contact surfaces of 
the relatively rotating members; in other 
words, the sprag rolls out of lock. 

This work was done by John M. 
Vranish of Goddard Space Flight 
Center. For further information, write in 
56 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center; (301) 286-7351. Refer to GSC- 
13692. 


Real-Time Collision Avoidance for a Robot Arm 

Obstacles are modeled as though they were repelled by springs with dampers. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Software undergoing development for 
use in controlling an experimental robot 
arm includes algorithms that process 
data computed by obstacle-detection 
software to generate commands for per- 
turbing the trajectory of the arm away 
from the commanded trajectory when- 
ever the commanded trajectory brings 
the arm within a specified standoff dis- 
tance from one or more obstacle(s). [The 
obstacle-detection software used in 
conjunction with this collision-avoidance 
software is described in the following 
article, “Real-Time, Model-Based Ob- 
stacle Detection for a Robot Arm” (NPO- 
19862).] The collision-avoidance soft- 
ware is designed to provide real-time 
collision avoidance while maintaining the 
stability of the robot-control system. The 
software is based on the configuration- 
control concept, which has been dis- 
cussed in numerous prior articles in 
NASA Tech Briefs. 

The robot arm comprises three links 
and seven joints. For purposes of detect- 
ing obstacles and avoiding collisions with 
them, the arm is divided into a tool-tip 
zone, a wrist zone, and an elbow zone. 
An obstacle for which the nearest point 
on the arm is on the tool link and is clos- 
er than a specified threshold distance 
from the tool tip is designated a tool-tip 
obstacle. An obstacle for which the near- 
est point on the arm is on the tool link but 
farther than the specified threshold dis- 
tance from the tool tip is designated a 
wrist obstacle. An obstacle for which the 



The Robot Arm Avoids Up to Three 
Obstacles according to control algorithms 
that alter the trajectory of the arm as though 
springs and dampers pushed the arm away 
from obstacles that it approached too 
closely. 

nearest point on the arm is on the upper 
or lower arm link is designated an elbow 
obstacle (see figure). 

In the collision-avoidance software, 
each zone of the robot arm is mathe- 
matically modeled as though it were 
equipped with a spring and damper to 
prevent a hard collision with the nearest 
obstacle. Whenever an obstacle in a 
given zone approaches the arm closer 
than a user-specified standoff distance, 
as computed by the obstacle-detection 
software, the collision-avoidance soft- 


ware computes a repulsive virtual force 
proportional to the incursion of the 
obstacle. The collision-avoidance soft- 
ware also computes a damping force 
proportional to the approaching velocity 
of the arm and the obstacle. The trajec- 
tory of the arm is then perturbed from 
the commanded trajectory by the com- 
puted spring and damping forces to pre- 
vent a collision with the obstacle. 

Tool-tip virtual forces perturb the posi- 
tion of the tool tip. Wrist virtual forces 
perturb the orientation of the tool link. 
Elbow virtual forces perturb the arm 
angle. The three-zone arrangement 
makes it possible to limit the perturba- 
tion computations to no more than three 
obstacles at a time. A single point 
obstacle near the tool link perturbs 
either the position or the orientation of 
the tool tip, depending on its distance 
from the tool tip. An extended obstacle 
could be detected as two point obsta- 
cles — one in the tool-tip zone and one 
in the wrist zone, thus perturbing both 
position and orientation. These collision- 
avoidance policies are adopted for sim- 
plicity of concept, ease of implementa- 
tion, and minimization of the computa- 
tional burden while providing robust 
control performance. 

This work was done by Bruce Bon 
and Homayoun Seraji of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information, write in 65 on 
the TSP Request Card. 

NPO- 19861 
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Real-Time, Model-Based Obstacle Detection for a Robot Arm 

Procedural shortcuts and simplified geometrical models make for computational speed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


Software that implements model- 
based detection of obstacles in real time 
has been developed for use in conjunc- 
tion with the software described in the 
preceding article, “Real-Time Collision 
Avoidance for a Robot Arm" (NPO- 
19861). The obstacle-detection subsys- 
tem of a robot can be either (1) sensor- 
based in that it utilizes proximity sensors 
or machine vision to identify obstacles or 
else (2) model-based in that it identifies 
obstacles via mathematical models, 
using geometric computations on a data 
base that includes locations and geome- 
tries for robotic-manipulator arms and all 
potential obstacles. Heretofore, model- 
based obstacle detection has been used 
mostly in non-real-time simulation and 
planning software, and has thus not 
been required to function in real time. In 
the specific application for which this 
model-based obstacle-detection soft- 
ware was developed, the robot is not 



Simple Geometric Models can be repre- 
sented by simple equations, providing for 
rapid computation of approximate distances 
of closest approach between robot-arm links 
and potential obstacles. 

equipped with sensors for detecting 
obstacles in real time; the software is 
required to act as a suite of virtual sen- 
sors on the robot arm and compute the 
proximity of obstacles. In other words, 
the software must furnish essentially the 
same real-time proximity data that sen- 
sors would furnish. 

To achieve the speed needed for real- 
time performance, it is necessary to min- 
imize the computational burden, and 
this, in turn, necessitates a minimalist 
approach to the mathematical modeling 
of obstacles. An important element of 
the minimalist approach is the use of 
simple geometric models to represent 
potential obstacles to each robot-arm 
link (obstacles can include other robot- 


arm links). Each link is represented as a 
round cylinder with hemispherical end 
caps, and other obstacles are represent- 
ed as polyhedrons (see figure). Positions 
and orientations of the links are comput- 
ed from the forward kinematics of the 
robot arm, using the known joint angles. 
Distances between the nearest points on 
these geometric constructs are comput- 
ed straightforwardly from the equation 


for the distance between a line and a 
face and the equation for the distance 
between two lines. 

Another important element of the min- 
imalist approach is the use of prioritized 
lists of potential obstacles to eliminate 
needless computations of distances 
while ensuring that the distances 
between robot-arm links and the most 
likely obstacles are computed, even 
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when the computation must be terminated early to satisfy the 
real-time requirement. The prioritized list is based partly on real- 
time data on the position and orientation of each link; at any 
given time, most of the objects in the workspace of the robot are 
out of the potential reach space of a given link and are therefore 
excluded from the distance computations. 

This work was done by Bruce Bon and Homayoun Seraji of 
Caltech for NASA’s Jet Propulsion Laboratory For further 
information, write in 64 on the TSP Request Card. 

NPO- 19862 


Dynamic Face Seal for a 
Wide Range of Conditions 

The seal automatically accommodates 
thermal expansion and wear. 

Lewis Research Center, Cleveland, Ohio 

A dynamic face seal has been designed to provide adequate 
sealing against gas for a shaft that rotates in an oxidizing, inert, 
or reducing atmosphere (e.g., air, argon, or hydrogen, respec- 
tively). The seal is also designed to function at all temperatures 
from somewhat less than 25 °C to somewhat more than 900 °C, 
by suitable choice of seal materials and by incorporation of 
sprung parts that automatically adjust themselves to compen- 
sate for thermal expansion (or contraction) and wear. 

The seal (see figure) includes a stationary seal ring made of a 
self-lubricating material called “PM212” — a metal composite 
made from powders of chromium carbide with a nickel-base 
binder (70 percent) combined with silver (15 percent) and with a 
eutectic mixture of barium and calcium fluorides (15 percent). 
The seal ring is spring-loaded against a seal runner disk affixed 
to the rotating shaft. The seal runner disk is made of a superal- 
loy to withstand high temperature. A welded superalloy bellows 
prevents secondary leakage. 

The spring preload is adjustable by use of a threaded collar. 
The preload springs act upon five superalloy push pins, which 
slide in chambers filled with a high-temperature-resistant grease; 
the sliding of the pins in the grease provides damping. Initially, the 
collar is adjusted until the seal ring comes in light contact with the 
seal runner disk. Thereafter, spring deflection automatically com- 
pensates for thermal expansion (or contraction) and wear. 

This work was done by Christopher DellaCorte of Lewis 
Research Center. For further information, write in 30 on the 
TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to NASA Lewis Research 
Center, Commercial Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark Rd., Cleveland, OH 
44135. Refer to LEW-15870. 



This Dynamic Face Seal tolerates a wider range of conditions than do 
other seals like carbon face, noncontact labyrinth, and ferrofluid seals. 
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New Interactive, Multimedia CD-ROM is an On-Line Learning 
Tool and Reference that Helps Engineers Use Any FEA Software 


Internet-style user interface with search capability 
puts a finite element analysis expert to work for you. 


Finite Element Modeling in Engineering Practice, by Dr. Constantine Spyrakos, is 
the engineering “best seller 1 that is teaching thousands of engineers to better use 
any FEA software. Now, get instant, on-line access to this comprehensive refer- 
ence/textbook, along with scores of newly-created 3-D, full color graphics, with 
this all-new interactive CD-ROM. 
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Use as an on-screen 

reference guide while you work. 
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Colorful, animated 3-D 

graphics bring FEA theory down-to-earth 


About the Author: 

I Dr. Constantine Spyrakos is a Professor in the 
College of Engineering at West Virginia University. 

He holds B.S. and M.S. degrees in Civil Engineering 
from the Technical University of Athens, Greece. He 
also holds an M S. in Engineering Mechanics and a 
Ph. D. from the University of Minnesota. Dr. Spyrakos is widely con- 
sidered a leading authority in computational mechanics methods. 




Includes Search 
Commander. 

Enter keywords and 
instantly get point- 
and-click links to all 
related data. 


Order by Phone: 

North America: 1-800-48ALGOR (1-800-482-5467) 

Europe: +44 (784) 442 246 • Others: +1 (412) 967-2700 • Fax: +1 (412) 967-2781 


Questions answered in 
Dr. Spyrakos’ CD-ROM and book: 

• Which type of analysis is the best 
for my problem? 

• What is the best element type for the 
application? 

• How can I combine different types 
of elements? 

• How do I model cracks, holes and 
discontinuities? 

• When and where should I use a 
finer mesh? 

• How do I identify modeling errors? 

• Are my results accurate? 

• How do I interpret my results? 


Get more information on the Web: 

WWW.ALGOR.COM/APD 


Special discounts available for orders 
of five or more. Call for details! 




Algor, Inc. Publishing Division 
150 Beta Drive 
Pittsburgh, PA 15238 USA 


CD-ROM and books available: 

Example files available for Algor. Nastran, Stardyne, 
Ansys, Cosmos, Patran, Abaqus and l-DEAS.* 

All prices are in US Dollars 

QTY 

Price 

Total 

Interactive. Multimedia CD-ROM: 


$79 00 


Softcover Book: 


$4900 


Sfmdal Offer Add one Softcover 

Book to each CD-ROM ordered: 


$1900 


Hardcover Book: 


$89.00 


First Printing Hardcover 
(limited supply): 


$14900 


Optional example formats: 

(circle choices) Nastran 
Stardyne • Ansys • Cosmos 
Patran • Abaqus • l-DEAS 


$50 00* 
per 
format 
type 


Shipping & Handling: 

(see cost schedule below right) 




Order Subtotal: 


Sales Tax: (shipments to PA add 7%) 


Order Total: 



Ship to: (No P.O. boxes please) 

Name 


Company _ 
Address _ 
C*y 


Dept. 

NASA 1296 


.Country 


Phone ( 
E-mail _ 


_Pax ( )_ 


You Have Three Ways To Pay: 

□ Charge to Credit Card No.: Date Card Expires _ 


rr 


“JAmehcan Express “I Master Card "JVtSA -JDteehsOuto :iDteoo*jr 
Card Holder's Name 


Authorized Signature 


. Date_ 


□ Wire transfer ABA Routing Code: 043000261 
Account No.: 010-5064 Mellon Bank. Pittsburgh. PA USA 

□ Check enclosed (payable to Algor, Inc.) 


•Algor format files included at no charge. 

CD-ROM runs on any Windows 95/NT or UNIX computer. 


Shipping & Handling Cost Schedule 
(Cost Per Book or CD-ROM in US Dollars) 
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Cartes 
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FEM/BEM Analysis of Fatigue in Aeropropulsion Structures 

Acoustic and other dynamic loads, moisture, and temperature are all taken into account. 

Lewis Research Center, Cleveland, Ohio 


A method of computing dynamic 
stresses and strains and the resulting 
fatigue in composite-material structures 
involves the use of the normal-mode 
method to obtain the basic dynamical 
equations, plus solution techniques from 
the finite-element method (FEM), the 
boundary-element method (BEM), and a 
combination FEM/BEM. The method is 
applicable to a variety of problems; it was 
developed to be particularly useful in pre- 
dicting the fatigue degradation of aero- 
propulsion structures (e.g., turbine 
blades and engine housings) by acoustic 
and other dynamic mechanical loads, 
and by partly mechanical loads that orig- 
inate from temperature, humidity, and 
possibly other nonmechanical phenome- 
na (see figure). 

In the normal-mode method, one 
seeks the solution of a nonhomoge- 
neous differential equation with homo- 
geneous boundary conditions. Such an 
equation and boundary conditions are 
usually applicable in the case of a beam, 
plate, or shell, and heretofore, the nor- 
mal-mode method has been known as 
the most powerful method of analysis of 
vibrations in beams, plates, and shells. 
The external forces (from acoustic pres- 
sures and other sources of vibrations) in 
such cases appear in the nonhomoge- 
neous terms of the equations of motion 
and are treated as body forces. 

In the case of a two-dimensional 
(plane-strain) or three-dimensional 
vibration problem, the boundary condi- 
tions are time-dependent rather than 
homogeneous, but the differential equa- 
tion of motion is homogeneous. Thus, 
the normal-mode method cannot be 
used directly in this case. Solutions of 
boundary-value problems with time- 
dependent boundary conditions can be 
obtained by Laplace, Fourier, and other 
integral-transform methods, but these 
methods lack the advantages of the 
normal-mode method for analysis of 
vibrations. 

Accordingly, one innovative aspect of 
the present method is a provision for 
transforming a differential equation of 
two- or three-dimensional motion with 
time-dependent boundary conditions 
into a nonhomogeneous differential 
equation with homogeneous boundary 
conditions, so that the normal-mode 
method can then be applied. A second 
innovative aspect of the present method 
is the adoption of the BEM for analysis 
of anisotropic structures under dynamic 


loads, which can include thermal and 
hygral effects. The great challenge in 
applying the BEM to such a problem is 
to obtain the particular solution of equa- 
tion of motion. In the present method, 
this is accomplished by use of second- 


order polynomial functions to express 
displacement and traction. A third inno- 
vative aspect is a methodology of 
fatigue analysis and prediction of degra- 
dation in composite-material structures, 
as described next. 

A complete modal description of a 
structure includes the modal (also called 
the “natural”) vibrational frequencies, 
the modal shapes, and the modal 
damping parameters. The modal fre- 
quencies and shapes can be obtained 
by solving the free- vibration problem, 
using the BEM, FEM, and FEM/BEM 
methods. Then the modal response to 
acoustic pressure (which is assumed 
known) can be obtained by solving the 
corresponding forced-vibration prob- 
lem. Next, the complete distribution and 
history of stresses in the structure can 
be assembled from the solution of the 
forced- vibration problem, using source 
terms obtained from spectral analysis of 
input acoustic sources. The resulting 
information on stresses is then used for 
the analysis and prediction of acoustic 


fatigue in the structure. In this analysis, 
acoustic fatigue, durability, and lifetime 
are assessed in terms of a margin of 
safety with a first-ply-failure criterion. 

The BEM and FEM versions of the 
present method were tested in compar- 


ison with each other and with the 
FEM/BEM by applying them to a two- 
dimensional approximation of the vibra- 
tion problem of a laminated cantilever 
plate. The BEM, FEM/BEM, and FEM all 
yielded similar natural frequencies for the 
first five modes of vibration. However, 
relative to the FEM, the computation 
times for the BEM/FEM and for the BEM 
were only 0.39 and 0.09 times as long, 
respectively. The reductions of compu- 
tation time for three-dimensional prob- 
lems are expected to be even more pro- 
nounced. 

This work was done by Z. Li and Seng 
C. Tan of Wright Materials Research Co. 

for Lewis Research Center For fur- 
ther information, write in 95 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW-16071. 



Effects of Severe Loads and Environmental Conditions are taken into account in the pre- 
sent method, which incorporates techniques from the normal-mode, finite-element, and 
boundary-element methods into a computationally efficient means for analyzing fatigue in 
composite-material structures. 
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When Your Vision System 
Needs to do More Than Take 

Pretty Pictures. 



\ Y /henever your vision application 
VV requires maximum performance, 
non-standard camera interfaces, the 
latest vision development tools and 
fast, easy system integration; Imaging 
Technology has your solution. 

Imaging Technology makes high 
performance vision development easy. 
All our products are designed to provide 
OEM’s and system integrators with 
the most in flexibility, functionality 
and performance. 

For lower-end applications, our 
IC-PCI® PCI Bus image capture board 
gets the most out of your Pentium®. 
Transferring data over the PCI Bus at 


sustained rates of over 105 MB/sec as a 
PCI Bus master, the IC-PCI frees your 
host up to do the job, not manage 
image data handling! Plus, with our 
plug and play camera support, you can 
interface easily to virtually any camera 
on the market. 

When uncompromised vision 
performance is required, ITI offers 
the Modular Vision Computer® (MVC) 
150/40 vision processor. Outperforming 
a Pentium Pro® 200 MHz processor by 
over 100 times for heavy duty vision 
requirements, the MVC 150/40 allows 
hardware functionality to be either 
added or removed throughout the 


entire development cycle. Applications 
where the MVC excels are in parts 
inspection, web inspection, medical 
imaging and defense. 

For more information on ITI 
vision products, including our new 
C80 Module, and your FREE Vision 
Products Guide call: 

800 - 333-3035 

IMAGING 

Technology 

55 Middlesex Tbmpike, Bedford, MA 01730 
Tel: 617-275-2700 Fax: 617-275-9590 
e-mail: info@imaging.cxKn 




Gauge Measures Mismatch and Peaking at Welds 

This tool provides two independent measurements simultaneously. 

Marshall Space Flight Center, Alabama 


A simple, hand-held, rugged, easy-to- 
use gauge provides measurements of 
mismatch and peaking at a weld joint 
between two flat bars, plates, or similar 
workpieces. “Mismatch” and “peaking” 
denote the translational and angular 
misalignments between the two work- 
pieces (see Figure 1). These misalign- 
ments are attributable mostly to a com- 
bination of imperfect weld setups and 
thermal expansions and contractions. 
The gauge includes a left part and a right 
part that translate with respect to each 
other to indicate mismatch, and rotate 
with respect to each other to indicate 
peaking. 

Figure 2 shows the use of the gauge 
at a weld joint between two bars. First, 
the gauge is positioned approximately 
astride the weld joint (but not yet touch- 



Figure 1. Mismatch and Peaking are the 
principal measures of misalignment 
between welded workpieces. 


ing the bars). The pointer is placed on 
the centerline of the weld bead. Next, 
the left part of the gauge is pressed flat 
against the left bar. Then the right part of 
the gauge is pressed flat against the 
right bar. The mismatch distance and 


peaking angle can then be read from 
scales and index marks on the gauge. 

The gauge can indicate mismatch to 
the nearest 0.01 in. (0.25 mm) and 
peaking to the nearest half degree. With 
the addition of a scale and index mark to 
the center-line pointer, the gauge could 
be made to indicate the height of the 
weld bead. 

This work was done by Stephen S. 
Gordon of Nichols Research Corp. for 
Marshall Space Flight Center For 

further information, write in 76 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-26303. 




Step 1 : Extend centerline pointer and place on centerline of weld. 


Step 2: Push left part of gauge down flat against left bar. 


Step 3: Push right part of gauge down flat against right bar. 


Step 4: Read the mismatch and peaking measurements. 


Figure 2. The Gauge Is Used to measure mismatch and peaking between two bars. The measuring surfaces of the gauge are pressed against 
the bars to align the gauge with the bars. 
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We've got the competition 
outnumbered. 


When it comes to motor power and performance, it’s 
a numbers game — one the 8" MaxPlus" brushless 
servo motor wins hands down because it delivers 
more torque to volume, more torque to inertia and 
more torque to dollar than any other motor its size 
on the market today. 

What’s more, the 8” MaxPlus servo motor is from 
Custom Servo Motors Inc. — a company committed 
to working with you to design servo motor and 
amplifier packages that meet or exceed your 
performance, size and durability requirements. 

MaxPlus is a trademark of Custom Servo Motors Inc. 01996 Custom Servo Motors Inc. 


For more information about the 8" MaxPlus 
servo motor and available options, including an 
8" spindle motor package, as well as our entire 
family of brushless servo motors, amplifiers and 
controllers, call us at 1 - 800 - 967-1785 We ll show 
you how to get more power in a small package 
for less cost. 

Custom Servo Motors Inc. 

A Subsidiary of MTS Systems Corporation 

2121 Bodge St. • New Ulm. MN 56073 
Phone: 507-354-1616 • Fax: 507-354-161 1 

For More Information Write In No. 516 







Machinery/Automation 


Machine for Polishing Nearly Cylindrical Mirror Mandrels 

Numerical control would provide greater consistency. 

Marshall Space Flight Center, Alabama 


A numerically controlled machine for 
polishing precise mirror surfaces on 
cylindrical and nearly cylindrical axisym- 
metric mandrels is undergoing develop- 
ment. The machine is intended to serve 
as a test bed for further development of 
techniques and materials for polishing 
mirror surfaces for astronomical x-ray 
telescopes. 

Numerically controlled machines for 
polishing flat, spherical, and nearly 
spherical mirror surfaces are available, 
but until now, there has been no such 
machine for polishing cylindrical and 
nearly cylindrical surfaces. As a result, 
cylindrical and nearly cylindrical mandrel 
surfaces have been polished by spinning 
the mandrels while manually holding pol- 
ishing pads in contact with the surfaces. 
Such manual polishing is relatively 


expensive because it entails constant 
attention by technicians and only one 
technician can work on one mandrel at a 
time. Manual polishing is also limited by 
technicians’ fatigue, and there are varia- 
tions among the surface finishes 
achieved by different technicians. The 
semiautomated operation of the devel- 
opmental polishing machine will over- 
come the disadvantages of manual pol- 
ishing, eliminating both the need for con- 
stant attention by technicians and the 
personal variations in surface finishes. 

The machine (see figure) includes an 
air-bearing table that suppresses vibra- 
tions of external origin. A base plate 
mounted on the air-bearing table sup- 
ports a motor drive that spins the man- 
drel about its axis of symmetry at a 
speed of 30 r/min. In the Cartesian coor- 


dinate system indicated in the figure, the 
axis of symmetry is horizontal and paral- 
lel to the x axis, y denotes the horizontal 
axis perpendicular to the axis of symme- 
try, and the z axis is vertical. 

The polishing mechanism in this 
machine is an assembly called the “x-y 
polisher,” which is mounted on a linear 
actuator above the mandrel. A hose 
delivers a polishing slurry to a nozzle on 
the x-y polisher, and the nozzle distrib- 
utes the slurry over the surface of the 
mandrel. A drip pan below the mandrel 
catches the runoff slurry. The linear actu- 
ator is parallel to the x axis and is mount- 
ed on two positioner supports, at a 
height that is set manually at < 2 in. (< 5.1 
cm) above the surface of the mandrel. 

On command, the linear actuator 
translates the x-y polisher to the x coor- 
dinate of the spot to be polished. Then 
z-axis pneumatic pistons and cylinders 
are actuated to lower a polishing pad 
and press it against the mandrel. By 
controlling the pressure in the z-axis 
pneumatic cylinders, the pressure 
between the polishing pad and the man- 
drel can be set at any level from 0 to 1 00 
psi (0 to 0.69 MPa). Similar pneumatic 
pistons and cylinders are used to move 
the polishing pad along the x and y axes 
in a commanded pattern, and linear vari- 
able-differential transformers (LVDTs) on 
the x and y cylinders furnish position 
feedback for the computer-based pol- 
ishing control system. The maximum 
stroke of the x and y pneumatic pistons 
is 2 in. (5.2 cm). Because of the wide 
variety of polishing motions that can be 
commanded, material can be removed 
from the mandrel selectively, efficiently, 
and reproducibly to achieve the desired 
surface finish and contour. 

This work was done by Frank P. 
Thomas, Lawanna Harris, Scott Hill, and 
Kathryn Horton of Marshall Space 
Flight Center. For further information, 
write in 86 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-31 131. 



' Base Plate 



This Machine Brings the Benefits of Numerical Control to polishing of a cylindrical or near- 
ly cylindrical axisymmetric mandrel. 
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3-P TOLERANCE ANALYSIS TOOL KIT 

Directly Integrated with Pro/E, UG, CATIA, and l-DEAS 



CREATE THE MODEL USING YOUR 
CAE SYSTEM 

♦ Design the parts in your CAE system. 

♦ Automatically generate the math relationships necessary to 
vary features in form, orientation, location and size, directly 
from the GD&T and dimensions created in your CAE system. 

♦ Use your “ Assembly Manager" to identify assembly sequence 
and assembly constraints. 

♦ Select features to define measurements and critical 
relationships. 


PERFORM A 3-D TOLERANCE ANALYSIS 

VSA-GDT analyzes the GD&T scheme defined in the CAE system 

to determine if it is correct according to the ASME/ANSI and ISO 

Standards. VSA-GDT determines if each feature: 

♦ Is correctly constrained in form, orientation, location, and size. 

♦ Has syntactically correct Feature Control Frames. 

♦ Is related to the master datum reference frame through one 
unique path. 

VSA-3D performs a comprehensive 3-D, statistical simulation 

of the manufacturing and assembly process and determines: 

♦ The amount of variation due to component geometry, 
tolerances, assembly sequence, and assembly methods 
(fixtures, bolt to hole clearance, weld sequence, etc ). 

♦ The causes of variation, presented graphically in order of 
percent contribution. 



BENEFITS OF VSA’s 3-D TOLERANCE ANALYSIS TOOL KIT 

♦ Models are quickly and graphically defined using your CAE graphics functions. If you know Pro/E. UG, CATIA, or l-DEAS you 
can create VSA-GDT and VSA-3D tolerance models. 

♦ VSA models simulate your manufacturing and assembly environment. Variation is defined using GD&T symbols; assembly 
methods represent actual attachment methods used in the assembly plant; measurements represent how they will be performed 
at the plant. 

♦ There is no need to interpret GD&T and assembly methods and then attempt to transform them into complex kinematic joints 
and vectors which may or may not have any relationship to real-life variation. The tolerance model is generated automatically. 

♦ VSA customers have determined that a comprehensive 3-D Tolerance Analysis must be performed early in the design cycle to 
effectively improve quality and reduce cost through controlled variation and robust design. Over 10 years of experience in 
the 3-D Tolerance Analysis software business have proven that the analysis must reflect real world tolerances (GD&T zones), 
actual assembly methods, assembly sequence, and measurements to accurately predict the amount of variation that will occur in 
production. VSA’s 3-0 Tolerance Analysis Tool Kit directly integrated with major CAE systems meets this challenge! 


OVSA 

Corporate Headquarter* Vanabor. Systems Analyse Inc 300 Map* Part Boulevard. SL Oa^r 9ms Merman 48081-3771 - Telephone (810) 774-2640 FAX (BIO) 778-6470 
Western Division Variation Systems Analysis. Inc.. 275 Tennant Avenue. Suite 104, Morgan Hi. California. 95037 - Telephone (408) 782-2626 FAX (408) 782-2625 
UK Subsidiary 7=nation Systems Analysis. Ltd . The Technology Centre Epinai Way. Loughborough LE11 006 Great Brtam - Telephone. 015CB 262022 FAX: 01509 262066 
Germany Subsidiary VanaDon Systems Analysts. GmbH. Postbox 41 09 50217 FnecherH<oen.gsdorf - Telephone: 49 2234 965252 FAX 49 2234 65272 

e-mail: ir.fodvsa.com 

VSA and the VSA logo are registered trademarks of Venation Systems Analysis. Inc. All other products are registered trademarks of t her respective companies. 




Phase-Change Cooling for Motor/Generator/ 
Flywheel in Vacuum 

Active cooling would be unnecessary in low duty cycles. 

Marshall Space Flight Center, Alabama 


A proposed motor/generator/flywheel 
would be enclosed in a vacuum and its 
temperature rise in low-duty-cycle oper- 
ation would be limited by use of a 
phase-change material. The specific 
motor/generator/flywheel was con- 
ceived for use aboard a spacecraft, but 
the underlying design concept is also 
applicable to low-duty-cycle machines 
in terrestrial vacuum chambers. Be- 
cause of the thermally insulating proper- 


ty of a vacuum, the dissipation of heat 
becomes a major consideration in 
design. The use of a phase-change 
material to limit the temperature rise can 
eliminate the mechanical complication, 
weight, and cost of plumbing, pumps, 
and radiators that would otherwise be 
needed for active liquid cooling of 
machinery in a vacuum. 

In the original application, cooling by 
phase change would be suitable be- 


cause the motor/generator/flywheel 
would be required to coast most of the 
time and deliver bursts of power inter- 
mittently. A properly sized mass of 
phase-change substance could readily 
provide a sink both for low-level losses 
(during coasting) from bearing friction 
and the armature core and for short- 
duration losses during power bursts, 
maintaining acceptable temperatures 
throughout the system over a mission of 
prescribed duration. 

The phase-change material would be 
contained in the stator in cavities 
between heat-conducting fins, close to 
the armature and the bearings (see fig- 
ure). A promising phase-change materi- 
al would be sodium hyposulfite pentahy- 
drate, which melts at a temperature of 
49 °C. The temperature of the motor 
could not rise much above 49 °C until 
the amount of stored heat was sufficient 
to melt all the material. Conversely, as 
heat gradually radiated away between 
operating intervals, the temperature of 
the motor would not fall much below 49 0 
C until all of the phase-change material 
had frozen. The phase-change sub- 
stance would be returned to the frozen 
state at the start of a mission. 

This work was done by Edmund C. 
Berk, James H. Goldie, and Richard T. 
Salter II of SatCon Technology Corp. for 
Marshall Space Flight Center. For fur- 
ther information, write in 92 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-26341. 


Vacuum 



A Phase-Change Material (in this case, one that melts at 49 °C) would be contained in cav- 
ities between fins and would limit temperature excursions by absorbing or releasing latent 
heat of fusion during heating or cooling, respectively. 


A Centrifugal Counter-Current Distribution Apparatus 

This apparatus is capable of both rotary mixing and centrifugal separation. 

Marshall Space Flight Center, Alabama 


The figure illustrates the major com- 
ponents of a prototype of an improved 
counter-current distribution (CCD) appa- 
ratus for multistage extraction of materi- 
als of biochemical interest from two- 
phase aqueous mixtures. The prototype 
apparatus could be adapted to use in a 


biochemical laboratory for extraction of 
cell organelles, particles, and macromol- 
ecules. It can also serve as a small-scale 
model of a large-scale extraction appa- 
ratus for downstream bioprocessing. 

The apparatus includes disks that can 
be rotated within rings. The rotation of 


the disks relative to the rings is accom- 
plished by use of a stepping motor 
mounted on the axis of the disk-and-ring 
assembly. The axis of rotation is horizon- 
tal. The disks and rings contain equal 
numbers of radially oriented extraction 
cavities at equal angular intervals. The 
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Silicon Graphics 
Workstations 
and Altair's 
award winning 
software gets Roap 
you there. 


iMFvr 

U0M>$ 


HyperMesh” 

OptiStruct™ 
and MotionView™ 

Altair's powerful suite of CAE software 
is targeted at mechanical engineers needing 
the highest performance, most productive tools 
for analysis and simulation. 


AnACHIM&HTS 


The award winning OptiStruct is an innovative first, 
driving product design from functional requirement and 
helping ensure a better design the first time. 

For finite element modeling, mechanical systems simulation 
or optimization, Altair delivers maximum customer value. 

All Altair software products run on the entire Silicon Graphics 
family of workstations and are tuned for top performance on 
lndigo2“ IMPACT and 02“ workstations. 

If you seek to increase CAE productivity, make better design 
decisions driven by CAE or make more strategic use of your 
CAE tools, contact us. See why major companies that depend 
on CAE are switching to Altair and Silicon Graphics 
Computer Systems. 
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For More Information Write In No. 650 


http://www.sgi.com 


Altair Computing. Inc. 

1757 Maplelawn Drive. 

Troy, Michigan 48084 
Tel. 810.614.2400 
Fax. 810.614.2411 
Internet: sales@altair.com 
http://www.altair.com 

HyperMesh. OptiStruct and Motion View are trademarks of Altair Computing, Inc Silicon Graphics. lndigo2. Ik^ACT and 02 are trademarks 
of Silicon Graphics. Inc Silicon Graphics and the Silicon Graphics logo are registered trademarks of Silicon Graphics. Inc. 





This Centrifugal Counter-Current Distribution Apparatus can be used for both mixing and 
separation, and its operation is automated. 


volume of a disk extraction cavity is 
approximately equal to that of a ring 
extraction cavity. Each disk fits in its ring 
precisely so as to permit relative rotation 
while sealing against loss of liquids from 
the extraction cavities. 

The disk-and-ring assembly is mount- 
ed on a horizontal drive shaft that is dri- 
ven via sheaves by an external variable- 
speed motor; that is, not only can the 


disks be rotated within the rings, but the 
entire disk-and-ring assembly can be 
rotated as a unit. Electrical coupling 
between the stepping motor and station- 
ary motor-drive circuitry is provided by 
sliprings on the drive shaft. 

In operation, the disk-and-ring assem- 
bly can be slowly rotated as a whole to 
effect mixing through the buoyant motion 
of mixing balls, then accelerated to faster 


rotation to accomplish enhanced cen- 
trifugal demixing (separation). Phase 
transfer is accomplished by step rotation 
(indexing) of the disks relative to the rings 
until the disk and ring cavities are aligned 
with each other. Indexing is performed 
during the final moments of the 
enhanced-demixing stage. 

The apparatus is fully automated by use 
of an analog/digital electronic control sys- 
tem. By use of the control computer, the 
apparatus can be programmed to step 
through a specified number of extraction 
cycles of slow-rotation mixing and fast- 
rotation demixing with indexing, all with a 
minimum of involvement by a technician. 

This work was done by Martin ft. 
Guinn and Paul Todd of the University of 
Colorado for Marshall Space Flight 
Center. For further information, write in 
37 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-26385. 


Off-Line Base Placement of Mobile Robotic Manipulators 

The off-line approach simplifies the control problem. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An off-line method of positioning the 
base of a robotic manipulator provides 
control functions analogous to those of a 
person finding a suitable place to stand in 
order to perform a task like wiping a table 
with a comfortable reach. The method is 
based on geometric reachability analysis. 



Can Reach any point within the cross- 
hatched hollow cylindrical volume. 


In broad terms, geometric reachability 
analysis involves geometric analysis of the 
relationships among (1) the ranges of 
positions of the base, (2) the range of 
configurations of the manipulator arm 
mounted on the base, and (3) the target 
point, line, area, or volume reached by the 
tip of the manipulator arm. 

Some previous articles in NASA Tech 
Briefs have described methods of coordi- 
nated control of both motion of the base 
and manipulation by the arm; because of 
the essential simultaneity of all controlled 



Figure 2. Placement of the Mobile Base 

of a manipulator arm anywhere within the 
cross-hatched region between two spheres 
would enable the tip of the arm to reach the 
central target point. 


motions, such methods are said to be 
“on-line.” The present method is said to 
be “off-line” in that it applies to situations 
in which the base and the manipulator 
arm are not moved simultaneously; 
instead, once the base is placed in a posi- 
tion computed according to the method 
for a particular task, the base is held sta- 
tionary while the manipulator arm is com- 
manded to move to perform the task. The 
off-line approach is suitable for the large 
class of practical applications in which 
simultaneous motions of the base and the 
arm are not allowed because of opera- 
tional constraints and considerations of 
reliability and safety. In addition, separa- 
tion of the motions of the base and arm 
can be an important advantage in that it 
breaks the control problem into two sim- 
pler control problems, thereby enabling 
simplification of the design and operation 
of the robot-control system. 

The present method provides a rational 
basis for automation of off-line base posi- 
tioning, which heretofore has been done 
by time-consuming trial-and-error proce- 
dures under manual control. In the pres- 
ent method, the fundamental criterion for 
placement of the base is that the arm be 
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capable of reaching the target region with- 
out overextension or underextension. The 
range of preferred or allowable arm config- 
urations. beyond which the arm would be 
considered to be overextended or under- 
extended, is expressed by inequality con- 
straints. Any constraints on the motion of 
the base (e.g., the base moves along a track) 
are also expressed by suitable equations. 

The base-positioning problem is solved 
in stages. First, the entire locus of target 
positions reachable with preferred or al- 
lowable arm configurations is computed 
(see Figure 1). Next, provided that a given 
target lies within this locus, the locus of 


base positions consistent with reaching 
this target and with the applicable con- 
straints is computed. If there are multiple 
targets, then the feasible base positions are 
those that lie within the intersection of the 
loci of base positions for all the targets. The 
inequality constraints can be combined 
with additional constraints specified by the 
user to determine a unique base position. 

Analysis of the method shows that for a 
robot with one-dimensional base mobility 
as in Figure 1 , the locus of base positions 
from which a specified target point can be 
reached is a continuous portion of the x- 
axis, the length of which decreases with 


increasing distance between the target 
and the x-axis. For a robot with two- 
dimensional base mobility (e.g., mounted 
on a rover), the locus of similarly feasible 
base positions is an annulus in the x-y 
plane. For a robot that can move in three 
dimensions, the locus of similarly feasible 
base positions is a volume between two 
concentric spheres (see Figure 2). 

This work was done by Homayoun 
Seraji of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information, 
write in 24 on the TSP Request Card . 
NPO-19509 


Heat Pumps Based on a Two-Phase/ 
Two-Component-Fluid Cycle 

These heat pumps exploit both heat of mixing and heat of vaporization to enhance efficiency. 
Goddard Space Flight Center, Greenbelt, Maryland 


Heat pumps based on a two-phase/ 
two-component-fluid cycle are undergo- 
ing development. These heat pumps offer 
enhanced efficiency, and there is a poten- 
tially large market for them in domestic, 
commercial, and industrial heating and 
cooling systems. 

The standards for comparison of the 
advantages and disadvantages of these 
heat pumps are (1) heat pumps based on 
the well-known conventional two-phase/ 
single-component-fluid vapor-compres- 
sion cycle used in most commercial refrig- 
erators, air conditioners, and the like; and 
(2) heat pumps based on a lesser-known 



A Heat Pump based on a two- phase/two- 
component-fluid schematically resembles 
a heat pump based on the conventional 
two-phase/single-component cycle, but 
differs in important details, including the 
choice of working fluids and the design of 
the compressor. 


conventional two-phase/two-component- 
fluid cycle known as the vapor-compres- 
sion cycle with solution circuit. The two- 
component vapor-compression cycle with 
solution circuit achieves efficiency greater 
than that of the single-component vapor- 


compression cycle by exploiting not only 
the latent heat of vaporization (and con- 
densation) of a refrigerant fluid but also 
the latent heat of solution (and dissolution) 
of the refrigerant vapor and a refrig- 
erant/absorbent liquid solution. Unfortu- 







assignment calls for imaging at night, you 
want to make sure your camcorder performs its 
best. That’s why we’ve developed special Night Vision 
modules optimized specifically for VL and bayonet mount 
camcorders as well as DCS digital camera systems. Contact our Night 
Vision Technology Support Group for more information about the 
best possible solution to your night-time imaging requirements. 
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nately, it is necessary to use a relatively 
complex, bulky apparatus in the two-com- 
ponent vapor-compression cycle with solu- 
tion circuit to separate and join the flows of 
solution and vapor at various points in two 
overlapping flow circuits and to regulate 
pressures and flows accordingly. 

The present heat pumps exploit the 
advantage (enhanced efficiency), but not 
the disadvantages (increased complexity 
and bulk) of the vapor-compression cycle 
with solution circuit. In a heat pump of the 
present type, no attempt is made to gen- 
erate separate flows of vapor and solu- 
tion; the vapor/liquid mixture is pumped 
as a single fluid around a single fluid cir- 
cuit, in a manner similar to that of a con- 
ventional single-component vapor-com- 
pression heat pump. The means by which 
the heat pump absorbs heat from a rela- 
tively cold environment and rejects heat to 
a relatively hot environment are also simi- 
lar to those of a conventional single-com- 
ponent vapor-compression heat pump, 
except for some important details related 
to exploiting both the latent heat of solu- 
tion and the heat of vaporization. 

The basic parts of the heat pump (see 
figure) are the plumbing, the two-compo- 
nent refrigerant/absorbent fluid, a low-tem- 
perature heat exchanger (also called a 
“generator” in this context), a two-phase 
compressor, a high-temperature heat ex- 


changer (also called an “absorber” in this 
context), and a throttle valve. Heat from the 
relatively cold environment diffuses into the 
somewhat cooler fluid in the tow-tempera- 
ture heat exchanger, causing some refrig- 
erant to vaporize, separate from the refrig- 
erant/absorbent solution, and become 
slightly superheated. The resulting vapor/ 
solution mixture flows to the two-phase 
compressor, which discharges the mixture 
to the high-temperature heat exchanger at 
higher pressure and temperature. 

The two-phase compressor features a 
special design that eliminates the knocking 
often associated with compression of liq- 
uid/gas mixtures and that ensures rapid, 
nearly adiabatic compression. Rapidity of 
compression is necessary for reasons that 
are best explained by describing the next 
stage of the cycle: It is desired to transfer 
heat to the relatively hot environment via 
the higher-temperature heat exchanger. 
For this purpose, it is necessary to com- 
press the fluid mixture enough to force the 
refrigerant vapor to redissolve into the 
solution, with consequent release of both 
latent heat of solution and latent heat of 
vaporization. To maximize the transfer of 
heat via the heat exchanger to the envi- 
ronment, this redissolution of vapor and 
release of heat should take place as much 
as possible while the fluid mixture flows 
through the heat exchanger and as little as 


possible during the preceding compres- 
sion. Thus, compression should be rapid. 

After discharging heat and leaving the 
higher-temperature heat exchanger, the 
fluid is throttled to tower pressure and 
temperature. The fluid then flows to the 
lower-temperature heat exchanger, com- 
pleting the cycle. 

The refrigerant and the solution or the 
absorbent fluid can be chosen from 
among many candidate pairs of fluids, 
depending on the specific heat-pump 
design. A number of these pairs are non- 
toxic, (or only slightly toxic) and do not 
contribute to depletion of ozone or other- 
wise harm the environment. A typical 
example would be with HFC-134a as the 
refrigerant and a nontoxic, high-boiling 
organic liquid as the absorbant. 

This work was done by Steve M. 
Benner of Goddard Space Flight 
Center and Robert R Scaringe, Fuiin Gui, 
and Lawrence R. Grzyll of Mainstream 
Engineering Corp. For further information, 
write in 52 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Goddard Space 
Flight Center; (301) 286-7351. Refer to 
GSC-13715. 


Improved System for Cryopumping of Xenon 

Size, weight, and cost are reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


An improved cryopump removes 
xenon from a vacuum chamber at a 
rate of 16,700 Us. This cryopump 
weighs only 60 lb (27 kg); is mounted 
via a hole 4 in. (10 cm) in diameter in 
the vacuum-chamber wall; and costs 
about $16,000 (1995 prices), as 
installed, so that its unit xenon-pump- 
ing cost is approximately $1/(L/s). In 
contrast, a typical cryopump or diffu- 
sion pump of older design with equiva- 
lent pumping capability weighs 554 kg 
(1219 lb); must be mounted in a 48-in. 
(122-cm) hole in the vacuum-chamber 
wall; and costs $100,000 including 
installation. The price of these pumps 
alone ranges between $65,000 and 
$120,000, with consequent unit xenon- 
pumping cost around $6/(L/s). 

The improved pump (see figure) is a 
modified version of a commercial cry- 
opump that operates on the Gifford- 
McMahon cycle. The modification con- 


sists largely in the removal of chilled 
baffles that are ordinarily included in 
cryopumps to reduce the thermal loads 
on the cold plates of the pumps. These 
baffles reduce pumping speed to about 
one-fourth the level otherwise attain- 
able. The improved pump delivers 105 
W of cooling power at a temperature of 
50 K; this cooling power is about 5 
times that of a two-stage cryopump of 
older design operating at the tower tem- 
perature of 20 K. 

This work was done by Charles 
Garner of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 51 on the TSP 
Request Card. 

NPO- 19967 



The Improved Cryopump is installed with- 
out chilled baffles, which would reduce 
pumping speed if they were included. The 
cost and complexity of installing and oper- 
ating these cryopumps is a fraction of the 
cost and complexity to install and operate 
diffusion pumps or standard cryopumps 
that deliver similar pump speeds on xenon. 
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B ased in Yorkiown, VA, Cybernetics man- 
ufactures, sells, and services leading- 
edge tape and disk storage solutions with 
capacity from 2 gigabytes to hundreds of ter- 
abytes We have spent nearly 20 years pro- 
viding businesses worldwide with the prod- 
ucts they need to streamline their data storage 
operations. Our complete family of products 
includes 8mm, 4mm, DLT, DTF, magneto- 
optical, hard disk, and RAID technologies. 
We are widely recognized lor our intelligent- 
ly engineered products that enable customers 
to work more productively, save resources, 



Cybernetics 
1 1 1 Cybernetics Way 
lorfefowii, VA 23693 
Tel: 757-833-9 100 
Tax: 757-833-9300 


NETICS 


Products and Applications 

From high-speed tape and optical disk 
subsystems to hard disk and RAID configura- 
tions, Cybernetics solutions set the standard 
for performance, reliability, and data integrity. 
Our tape and disk subsystems are plug-com- 
patible with virtually every computer system 
and network running. We are unique in our 
ability to connect to the fastest host systems 
with ESCON, Fibre Channel, and Ultra SCSI 
interfaces to meet the speed and capacity 
demands of high-performance systems. 
Customers can choose from our exclusive 
options to customize their solutions for max- 
imum performance and operating efficiency 
on every level. Options include data com- 
pression to increase capacity and transfer 
speed by up to five times; Data Encryption to 
protect sensitive information; the Advanced 
SCSI Processor to extend flexibility with five 



and adapt to the ever-changing demands of 
information systems management. A commit- 
ment to research and development allows us 
to engineer the most advanced data storage 
solutions on the market, and it also allows us 
to provide a level of service and technical 
support that is unrivaled in the industry. 



recording modes; the Digital Data Recorder to 
write data directly from Analog-to-Digital 
converters; Robotic Control Software for 
complete library automation; and Accelerated 
File Access for fast file searches. 

The Digital Data 
Recorder Interface 

The most advanced data collection appli- 
cations require our Digital Data Recorder 
(DDR) interface. The DDR allows you to 
write directly to tape from analog-to-digital 
converters or other instrument recorders. 

saving time and 
money when perform- 
ing tasks such as seis- 
mic surveying, radar 
data recording, and 
telemetry. A variable 
rate data buffer of up 
to 128 MB ensures a 
smooth flow of data 
from host to drive, 
regardless of fluctua- 
tions in the data 
source. With the DDR, 
you can achieve trans- 
fer speeds of up to 36 
MB per second and 
support as many as 80 
devices. 
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Compu ter Ha rdware/Soft Kva re 


Microway 


S ince 1982, Microway’s products and 
technical support have helped users get 
more done for less money. Starting with the 
concept that PCs could use more numeric 
power, we built a product line and customer 
base that is now worldwide. The products 
we sell today use Alphas and i860s that 
deliver 20,000 times the throughput of the 
8087s we started with in 1982. For the last 
four years, we have been building systems 
that provide up to 2 gigaflops of throughput 
using parallel i860s. The 500 MHz DEC 
Alpha that powers our current product line 
delivers 1 gigaflop by itself! If you have an 
application that is a big-time number- 
cruncher or a DSP application which needs 
more than 32 bits of precision, you should 
consider our solutions. 

One of the problems with getting more 
done for less is tech support - most expen- 
sive PC tools are not supported. Our service 
starts with the use of the telephone: when 
you call us you talk to a competent person. 
Because we appreciate the critical nature of 
your work, every one of our products comes 
with free tech support for one year. This 
means we charge a little more for our pro- 
duction-grade compilers, but they still cost 
much less than the mini or mainframe tools 
of the past. Our excellent tech support makes 
it possible for us to quote your favorite DEC 
UNIX and OpenVMS systems, yet also deliv- 
er NT and Linux. And we know how to take 
care of special situations, including rack- 
mounted industrial-grade systems and RAID- 
controlled hard disk farms. 

Microway’s current product line is 
anchored by NDP Fortran and C/C++, which 
are available for Pentiums and generate 
Alpha code for DEC UNIX, NT, and Linux. 
These translators grew up in the 32-bit x86 
DOS Extender markets of the mid-80s, and 
have been ported to a number of devices and 
operating systems. From 1986 to 1995, this 
included Transputer and i860-based cards 
that employed up to 4 CPUs per card. Using 
Microway QuadPuters, it became possible to 
build systems that employed dozens of 
processors. 


Micnmtty, Inc . 

Research Park, Box 79 
Kingston. MA 02364 
Tel: 508-746 7341 
Fax: 508-746-4678 
E-mail: i n /o@iii icn m ay. com 
hum. m icnm ay.com 



In late 1995, we started to deliver Alpha- 
based workstations with motherboards built 
in-house. The line will shortly be extended 
to include parallel solutions and mother- 
boards that have special industrial features. 

Our customers for Alpha systems include 
most of the major universities and govern- 
ment labs. Typical applications run as fast on 
a 300 Mfiz 21164 as they do on a Cray 


instructions per clock, but to lead loads 
ahead of their uses. This helps to reduce the 
latency of caches and memory. 

Microway hardware products have always 
been popular with government, industry, 
and university researchers. Our i860 pow- 
ered cards were used to search for oil, 
improve MRI resolution, do air flow studies 
on jet engines, and help the NASA SETI pro- 
ject search for extraterrestrial life. An NT- 
powered Alpha Screamer currently is being 
evaluated by NASA to control shuttle mis- 
sions, while a government agency is now 
using Screamers to run neutron scattering 
simulations in minutes that used to take 
days. 

Company History 

Microway was founded in 1982 to help 
scientists and engineers take advantage of 
the IBM-PC. Our first product was a library, 
which made it possible to use an 8087 in a 
PC. We bundled our libraries with 8087s 
and became one of Intel’s largest customers. 

Our hardware products included PC 
accelerators, coprocessor cards, and mother- 
boards. In 1986, we introduced the first 32- 
bit Fortran to run on an Intel PC. The first 
PC to hit a megaflop used a Microway/ 
Weitek coprocessor driven by NDP Fortran. 



Y/MP. Our current 500 MHz product 
employs faster caches, which help its speed 
scale with frequency. It delivers 150 Unpack 
megaflops and dot products that hit 940 
megaflops. 

To take advantage of the Alpha’s enor- 
mous power, we have developed a scheduler 
that not only makes it possible to issue four 


Over the years, NDP Fortran has been used 
to port hundreds of popular mainframe 
applications, including MATLAB and 
ASPEN, to Intel-based PCs. 
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Gary Ball 
Vic© President 
Government Systems Area 

At Silicon Graphics, our commitment to 
government is long-term, and our extensive 
list of government and federal customers 
attests to our promise of developing high-per- 
formance visual and enterprise computing 
systems. 

Take our involvement with NASA, our first 
and largest customer. For the past 14 years, 
we've provided solutions for nationwide 
NASA centers in a wide range of applications. 
From visual simulation to chemical modeling 
to computational fluid dynamics, we've 
proven that Silicon Graphics is dedicated to 
providing innovative solutions to the govern- 
ment market. 

I'm thrilled that we've received preferred 
vendor status with the NASA SEWP II pro- 
ject. And with the creation of our new 
Government Systems Area, we've amplified 
our focus on meeting the requirements of the 
federal government. 

As the needs of government customers 
continue to grow and push the technological 
envelope, we look forward to creating the 
most innovative, performance-driven tools to 
help solve these unique and complex prob- 
lems. 


Silicon Graphics Computer 
Systems 

2 Oil North Shoreline Bl\d. 
Mountain View, CA 9404.5 
Tel: 41 5-960- WHO or 
H00-H00 7441 
www. sgi.com 



SiliconGraphics 

Computer Systems 


S ilicon Graphics/Cray Research continues 
its commitment to government business 
by providing leading-edge solutions in the 
areas of defense imaging, visual simulation, 
command and control, and engineering. 

We recently announced our broad new 
line of computer products, including the 
new 02 workstation line, which replaces the 
Indy workstation and provides 10 times 
more computing power. 02 includes inte- 
grated Web authoring tools, 3D graphics 
with texture mapping, image processing, and 
video compression capability - starting at a 
remarkable list price of $5,995. 

The Indigo2 IMPACT 10000 workstation 
continues to be the Silicon Graphics high- 
performance workstation with hardware- 
accelerated graphics, the fastest available on 
any desktop. 

The new Onyx2 workstation family, with 
significantly increased graphics processing 


speed, is designed to tackle the most 
demanding visual computing challenges. 
Onyx2 offers high-end graphics systems to a 
broader market range. 

The high-performance Origin server fam- 
ily can expand from single processor desk- 
side systems to powerful 128-processor 
scaleable servers without disruptive and 
expensive box swaps. From our entry-level 
desktop to our high-end supercomputers, 
Silicon Graphics provides a family of 
scaleable, high-performance products that 
integrate seamlessly into a multi-platform 
environment. 

With the formation of the Government 
Systems Area, Silicon Graphics plans to pro- 
vide and promote high-performance com- 
puting, world-class visualization technolo- 
gies, and unsurpassed customer support 
throughout the government market. 
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Virtual Vision 


The V-Cap 1000 Digital Head-Mounted 
Systems: Productivity Tools for 
Demanding Work Environments 


T he Virtual Vision V-Cap 1000 Digital 
Head-Mounted System (DHMS) pre- 
sents computer information through audio 
and visual formats in professional and indus- 
trial applications. Mobile users can access 
graphic data through the patented display 
device, which layers images over the work 
plane, and audio feedback through a noise 
canceling microphone and speaker system. 
Use of an advanced speech recognition sys- 
tem enables hands-free computer connectiv- 
ity in customized applications. 

Augmented Reality 

The V-Cap offers the benefits of augment- 
ed reality. Unlike virtual reality, which tries to 
immerse the user in a synthetic environment, 
augmented reality adds information to the 
user’s immediate environment. Data is sup- 
plied when and where it is needed to 
enhance the user’s performance of the task at 
hand, seamlessly integrating information and 
activity. 

The V-Cap 1000 

The V-Cap is the leading DHMS for indus- 
trial applications. 

• Display: 640 x 480 pixel monochrome 
• Optics: Monocular see-through 
• Format: VGA (NTSC optional) 

• Ruggedized: Against dirt, humidity, and 
shock 

• Power Requirement: 3.5 watts typical 
• Gray Scale Linearity: Absolute ±5% 

640 x 480 pixel resolution and highly lin- 
ear gray scale halftones offer clear and pre- 
cise images of complex information. 
Demanding graphics applications, such as 
digitized maps and complex wiring schemat- 
ics, can be clearly presented on the V-Cap. 
These images are displayed on a patented 
see-through optic that can be focused on the 
work plane and is transparent when not in 
use. It is also resistant to environmental con- 


Virtual Vision 
7659 I78tl i Place NI: 
Redmond , W A 98052 
Tel: 206-882-7878 
Fax: 206 882 7373 
E-mail: tech info @ 
virtuahision.com 
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textual information can be translated back 
into speech. Continuous-speech and speak- 
er-independent operation help the V-Cap 
fuse information with mobile work activities. 

A Productivity Tool 

The V-Cap unifies various technologies to 
create a product that is comfortable and easy 
to use. By eliminating the need to shift from 
information sources to work activities, users 
stay focused on work activities, increasing 
accuracy and productivity. 

The V-Cap 1000 is the foremost data 
delivery system for professional and industri- 
al applications which require mobile, hands- 
free information in demanding environ- 
ments. 

About Virtual Vision 

Virtual Vision®, a member of Telxon 
Corporation’s Technical Subsidiaries Group, 
is engaged in the development of Digital 
Head-Mounted Systems (DHMS) for indus- 


ditions such as dirt, 
moisture, and shock. 

The audio interface 
with computer informa- 
tion is comprised of a 
noise-canceling micro- 
phone and speaker sys- 
tem. The microphone 
favors the user’s voice 
and filters ambient noise. 

The speaker is fully 
adjustable for comfort. 

The electronics are 
mounted on modular platforms and can be 
moved from one Neoprene cap to another. 
The caps can be washed, and are a hygienic, 
cost-effective solution to buying multiple 
units. 

Speech Recognition 

An optional speech navigation system 
enables application development to create 
custom syntaxes for hands-free computer 
navigation. Spoken commands are translated 
into actions the computer can execute, and 



trial applications. Successful field tests of the 
Virtual Vision DHMS at Boeing, NASA, 
Carnegie Mellon University, and other indus- 
trial programs and production of more than 
15,000 units gives Virtual Vision a leadership 
position in this emerging technology. Virtual 
Vision continues working to expand the 
frontiers of mobile computing by integrating 
DHMS technology with speech recognition 
systems, body-worn computers, and wireless 
communications. 
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Discover the Reality of Simulation Driven Design 




I n todays competitive manufacturing envi- 
ronment, moving products to market faster 
with less cost has become much like the 
ancient search for the holy grail - an extreme- 
ly rewarding yet elusive quest that is full of 
perilous pitfalls. The engineering mantra that 
time is money makes it critical for companies 
to manufacture quality products from designs 
that work right the first time. The delays and 
costs involved in the traditional design-build- 
test-redesign rebuild- retest cycle have made it 
apparent that the best place to save time and 
improve the product is during the design 
stage, before major manufacturing tooling 
costs are incurred. 



Many methods and plans have been imple- 
mented in this quest, including software for 
the analysis of mechanical assemblies and 
components, which is now an accepted tool in 
the mechanical engineering process. However, 
analysis typically has required the building of 
separate models by analytical specialists and 
has not always resulted in significant time sav- 
ings. In order to reduce these delays, the logi- 
cal evolution of simulation software has been 
to integrate it with design programs. 

Computer Aided Design Software Inc. 
(CADSl*) is the industry leader in developing 
CAD integrated analysis software for 
Simulation Driven Design™. By performing 
simulation directly in the CAD program, more 
components and assemblies can be analyzed. 
It also ensures that the analysis is being per- 
formed on the most current CAD model, elim- 


CADS! 

Tel: J 19-626-6700 

I: - ma i I : mu rket i ngWcads i . com 

www.cudsi.com 


mating redundant modeling. The dramatic 
reduction in the time required to perform sim- 
ulation significantly streamlines the design 
and analysis process. 

Integrated simulation tools also support a 
collaborative engineering environment in 
which a CAD master model database serves all 
stages of design, analysis, testing, and manu- 
facture. A major advantage of CADSI’s simula- 
tion software is the strategic and seamless inte- 
gration with CAD programs such as CATIA, I- 
DEAS Master Series, and Pro/ENGINEER, as 
well as control programs like MATLAB, 
MATRIXx, and EASY5. This integration with 
CAD and control programs enables the cre- 
ation of realistic, 
total system proto- 
types. 

CADSI’s vice presi- 
dent of business 
development, David 
Bird, states that, 
“The value of inte- 
gration is that it 
guarantees that all 
simulation and 
analysis is being per- 
formed on the most 
current CAD model, 
enabling results to 
immediately drive 
design improve- 
ments. This process of simulation driving 
design increases productivity, improves design 
performance, and enables our customers to 
bring their products to market faster.” 

Beyond the Hype, 

What's Real? 

An agricultural manufacturing customer 
reported that on a recent project, using tradi- 
tional design-test methods would require six 
months and $300,000. By using CADSte sim- 
ulation software, they reduced their time to six 
weeks and their costs to $60,000. The techni- 
cal director at a major sporting goods manu- 
facturer stated that, “our confidence in simula- 
tion results from CADSte software integrated 
in the CAD environment enabled us to elimi- 
nate a full year of physical tests and rework." 

CADSI’s simulation products are used 
worldwide by major companies - including 
Boeing, BMW, CASE, Chrysler, Deere 
Company, Ford, Honda, Mercedes-Benz, 
NASA, Samsung, and Toyota - as they foige 
ahead on their mission to be first to market 
with the best products. The common thread 



among these companies is their understanding 
of the value of implementing integrated simu- 
lation and analysis early in the design phase. 

The Reality is 
Simulation Driven Design 

Simulation Driven Design assists in identi- 
fying critical design parameters early in the 
development process. It supports collabora- 
tive engineering by bringing product develop- 
ment teams - consisting of designers, dynam- 
icists, structural engineers, and control engi- 
neers - together in an integrated design 
process. The CAD program provides the com- 
mon model database and CADSI’s simulation 
software performs dynamic system simulation 
of assemblies, structural analysis of compo- 
nents, and integration of control systems with 
the mechanical model. 

Visualization of product designs through 
plotted results and animation in the CAD 



environment assure engineers that their 
designs meet their criteria before committing 
to hardware. Ongoing development among 
CADS1, their industry partners, and their cus- 
tomers ensures that Simulation Driven Design 
is well on its way to securing the holy grail of 
manufacturing by delivering on the goals of 
shortened time to market, reduced costs, and 
improved product quality. 
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Corel: The Leading Edge 

Whatever you need your software to do, 
Corel can make it happen. 

Over the past year, Corel Corporation has 
broken into many new areas of the software 
market, making it the world’s second-largest 
vendor of productivity applications. Business 
leaders and decision-makers everywhere are 
discovering what this kind of aggressive 
growth means for them: innovative, powerful 
solutions for their computing needs. With 
Corel, anything is possible. 

New areas include: 

• the office suite market, now energized by 
Corel® WordPerfect® Suite and Corel® 
Office Professional - which took a 50% 
market share of retail office suite salest 
within three months of their release 

• the CAD market, with CorelCAD™ for 3D 
solid modeling and Corel® Visual CADD™ 
for drafting and design 

• the desktop videoconferencing market, 
with CorelVIDEO™ 

• the emerging market for Java™ technolo- 
gies and thin client computing, where 
Corel® Office for Java™ is the only con- 
tender in a new computing paradigm. 

TData received from PC Data, the most credible and 
comprehensive auditor of software sales in the US. 
Based on unit sales for MS-DOS, Windows * and 
Windows * 95 products at retail, June 1 996. 


Corel Corporation 
1600 Carling Avenue 
Ottawa. Ontario , Canada 
kIZ 8R7 

Tel: 613-728-8200 
Fax: 613-761-9176 
www.corel.com 



Corel: Ideas in Action 

Letting your ideas take shape is a simple, 

intuitive process with Corel’s powerful CAD 

products. Here’s what they offer. 

CorelCAD™: 

• a 32-bit, 3D design tool 

• the industry-standard AC1S solid modeling 
system 

• a fully customizable interface 

• powerful Boolean operations 

• advanced blending, extrusions, and 2D 
drafting features 

• exceptional rendering capabilities for real- 
istic shading and textures 


CorelVIDEO™ will help you take the next 
step in communications through the effective 
use of advanced video technology. Here^ 
what it offers: 

• increased workgroup awareness and pro- 
ductivity 

• face-to-face communication across the hall 
or across the world 

• simple point-and-click interface with a 
video phonebook 

• call waiting, call transfer, speed call, and 
Do Not Disturb 

• built-in privacy safeguards 

Another key to 21st century information 



Corel® Visual CADD™: 

• a fast, efficient 32-bit professional design 
and drafting tool 

• fully compatible with AutoCAD*’s DWG 
and DXF and GenericCADD® file formats 

• intuitive interface for new and experienced 
users 

• compatibility with both Windows® 95 and 
Windows NT™ environments 

Corel is synonymous with graphics excel- 
lence. CorelDRAW™ holds an 85% market 
share in PC graphics products and 
CorelDRAW™ 7, the latest release, promises 
to expand on that. The same graphics excel- 
lence is now translated into the CAD market. 

Experienced CAD users will find ease of 
use, precision, and remarkably powerful 
tools in CorelCAD and Corel Visual CADD. 
Advanced users of CorelDRAW will benefit 
from the power for specialized design pro- 
jects that CorelCAD provides. 

But Corel’s products don’t just help you 
develop your ideas. They help you share them. 


sharing is Internet connectivity. Corel® 
WordPerfect® Suite and Corel® Office 
Professional give you unparalleled Internet 
integration. 

With Corel Barista™, Corel’s unique Java™ 
publishing technology included with the 
suites, you can publish your documents, 
exactly as they appear, to the Java™ language. 
No other suite allows you to do that. 

Corel® Office for Java™ is now available for 
preview on Corel’s Web site (www.corel.com) 
and is scheduled for release early in 1997. It 
is the world’s first office suite written exclu- 
sively in the Java language. 

With CorelCAD and Corel Visual CADD, 
your ideas come to life. With CorelVIDEO 
and Corel’s Internet products, communicat- 
ing your ideas becomes fast and effortless. 
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ADINA R & D. Inc . 

7 1 1:1 ton Avenue 
Watertown, M A 02172 
Tel: 617 -926 -5199 
l av: 6/7-926-0258 
wwn.adina.com 
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F inite element analysis in 
engineering product 
design is now well-estab- 
lished. Commonly, organiza- 
tions use various computer 
programs for specific tasks of 
finite element analysis, and 
these individual programs 
are to various degrees inte- 
grated in the computer-aided 
design process. For example, 
one finite element program is used for linear 
static and dynamic structural analysis, anoth- 
er program is used for acoustic analysis, and 
yet another program is used for nonlinear 
structural analysis. For nonlinear dynamic 


analysis using mode super- 
position, explicit or implicit 
time integration can be 
performed. 

Restart from one type of 
analysis to another is directly 
possible. Fluids can be mod- 
eled as acoustic fluids, or 
incompressible or compress- 
ible fluids governed by the 
full Navier-Stokes equations. 
In fluid flows with structural interactions, 
completely different mesh discretizations can 
be employed for the structure and the fluid. 
The solvers of the program system are fully 
supported by in-house developed pre- and 


Finite 

Element 

Procedures 






analysis, frequently also different explicit and 
implicit codes are employed. In addition, 
finite volume-based programs may be used 
for fluid flow analyses, and virtually no capa- 
bility is available to analyze complex fluid 
flows with structural interactions. 

The mission of ADINA R & D is to pro- 
vide one effective finite element program sys- 
tem - the ADINA System - that can be used 
to perform comprehensive finite element 
analyses of structures, fluids, and fluid-struc- 
ture interactions. 

The use of one program system that is 
fully integrated for structural and fluid flow 
analyses, and that therefore can be used 
instead of a series of other analysis codes, 
provides for a tighter integration of the com- 
plete analysis process in the CAE environ- 
ment, less cost, and higher reliability and 
effectiveness. 

The ADINA System is unique because of 
its wide range of analysis capabilities. 
Structures can be modeled as linear or high- 
ly nonlinear, including material nonlineari- 
ties, large deformations, and contact. Static 
analysis, frequency solutions, or transient 


post-processing, including automatic mesh- 
ing, and the system can also directly be 
employed with CAD programs such as 
Pro/ENGINEER, by accessing the geometry 
and l-DEAS or PATRAN, by using their data- 
bases. 

The generality, effectiveness, and reliability 
of the ADINA System are due to the specific 
finite element procedures, the sparse matrix 
solution techniques, and parallel processing 
used. Many of the techniques are described in 
the textbook. Finite Element Procedures, by K.J. 
Bathe (Prentice Hall, 1996). 

Company History 

ADINA R & D, Inc. was founded in 1986. 
However, a graphical user interface for pre- 
and post-processing and effective CAE con- 
nection was lacking until 1996. The new 
emphasis on ease of use of the ADINA 
System has rendered the System a very 
attractive analysis tool in many industries. 
More information on ADINA R & D is given 
on the Web at: www.adina.com. 
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Algor, Inc. 


A lgor, Inc. is an international company 
providing a broad range of technology- 
based products and services to the engineer- 
ing community More than 12,000 engineers 
in more than 60 countries use Algor software 
for finite element analysis and design opti- 
mization. 

Algor has an extensive World Wide Web 
site at http://www.algor.com. Video clips and 
animated demonstrations give engineers a 
virtually live presentation of what Algor 
products can do for them. A new demonstra- 
tion is available each week on topics ranging 
from nonlinear stress and dynamics to fluid 
flow analysis. 
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This rocket nose cone was analyzed as part of a project to design a 2.75-inch air-launched, free 
flight artillery rocket (FFAR). Inset shows the nose cone prototype in front of the designer’s com- 
puter screen. The complete story can be accessed on Algor’s World Wide Web site 
(http://www.algor.com) or on the new Algor Web site CD-ROM. 


Houdini automatically converts CAD solid 
models to 8-node “brick" meshes for more 
accurate finite element analysis. 


Algor’s web site also contains product 
information, free software downloads, tech- 
nical tips, case histories from engineers who 
use Algor software, the latest editions of 
Algor’s newsletter, Algor Design World , and 
much more. 

The complete contents of Algor’s web site 
are available on a free CD-ROM. The CD- 
ROM provides valuable information about 
how to design safer, more economical prod- 
ucts in a convenient, high-speed format. 

Algor has created unique software prod- 
ucts such as Houdini, the first and only soft- 
ware to convert a CAD solid model created in 
any major CAD system into an eight-node 
“brick” finite element mesh for use with vir- 
tually all major FEA software, and the 


Algor, Inc. 

150 Bela Drive 
Pittsburgh , PA 15238-2932 
Tel: 412 967-2700 
Tax: 412-967-2781 
I -mail: info@algor.cotn 
www.algor.com 
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Finite Element Modeling in Engineering Practice, the engi- 
neering best-seller by Dr. Constantine Spyrakos, is now 
available on an interactive multimedia CD-ROM. 


Integrated Plant Package (IPP), a 
complete set of design and analy- 
sis tools for the piping and vessel 
systems, designed to aid engi- 
neers in the industrial plant 
design market. 

Algor’s Publishing Division 
(APD) publishes and distributes 
books, videos, and multimedia 
products, which help engineers 
in industry and academia do bet- 
ter design and analysis with all 
types of engineering software. 
Finite Element Modeling in 
Engineering Practice, the engi- 
neering best-seller by Dr. 
Constantine Spyrakos, is now 
available on an interactive, multi- 
media CD-ROM. 
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N EW/ 1000 Elements/Second - Super- 
fast, high-quality, automatic tetrahedral 
mesh generation added to HyperMesh v. 2.1. 

Upon its introduction, HyperMesh 
became the highest-performance finite ele- 
ment pre- and post-processor available. The 
HyperMesh high-speed tradition continues 
with the introduction of new tetrahedral (tet) 
automatic mesh generation capabilities. The 
new HyperMesh tet-mesher is capable of 
generating as many as 1000 elements a second 
on standard UNIX workstations. But perhaps 
even more important is element quality. In 
benchmark tests with other systems, 
HyperMesh consistently produced a larger 
proportion of high-quality elements as mea- 
sured by interior angles, skew, and collapse 
ratio. Users also have a wide range of control 
over the meshing process to ensure success- 
ful mesh completion without an excessive 
number of elements. This means that with 
even the most difficult geometry, HyperMesh 
can reduce modeling time dramatically. The 
tet-mesher is also available with an API as 
component technology for use in other appli- 
cations. 


Altair Continuing, Inc. 
175 1 Mri/Wrlmvii Drive 
Troy , Ml 4H0S4 4004 
Tel: HI 0 614 2400 
lax: HI 0 6 1 4-24 II 



ALTAIR 


High-Performance Software 
for Engineering Simulation 

Altair Computing, Inc. provides advanced 
engineering solutions that allow customers 
to drive their design process right from the 
stan, while increasing overall process pro- 
ductivity at each step. The company’s flag- 
ship product is the HyperMesh finite element 
pre- and post-processing software. Altair has 


sis. OptiStruct effectively addresses opti- 
mization of design layout based on package 
space and loading conditions. 

MotionGen and MotionVie w - New gener- 
alized pre- and post-processing software pack- 
ages that enhance major mechanical systems 
codes by providing an open, easy-to-use 
graphical system for parametric system model 
construction, animation, and XY data plotting. 


% 



Outstanding visualization in HyperMesh. 

also introduced award-winning design syn- 
thesis software and high-performance pre- 
and post-processing tools for mechanical 
systems simulation. 

HyperMesh - HyperMesh is a generalized 
pre- and post-processor for major Finite 
Element Analysis codes. HyperMesh 
strengths include: very-high-speed interac- 
tive performance, outstanding post-process- 
ing visualization, ability to effectively work 
with large models, and ease of use. It is well- 
accepted by thousands of users in the U.S., 
Asia, and Europe. 

OptiStruct - Opti-Struct, awarded “Tech- 
nology of the Year” and a NASA Tech Briefs 
“Product of the Month," is a new technology 
for topology' optimization or design synthe- 


Altair Background 

Altair Computings commitment to appli- 
cation-focused innovation is deeply rooted in 
its history. The company grew out of Altair 
Engineering, which was founded by a group 
of engineering experts in 1985 to provide 
structural analysis services. Altair’s philoso- 
phy is to hire the most talented engineering 
professionals, offer them the most advanced 
software tools available, and give them the 
freedom to apply their creativity to the 
industry's toughest problems. Today, Altair 
remains dedicated to these principles. Altairs 
consultants continue to experiment with the 
best engineering analysis tools on the market 
to ensure that clients are offered solutions 
that truly give them a competitive edge in 
product development. 
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President and CEO 


Space provides the last frontier for 
research and exploration. While the possi- 
bilities are vast, nations can be restricted by 
limited financial resources. 

Analytical Graphics, Inc. is committed to 
developing solutions such as Satellite Tool 
Kit, which enable the space community to 
do more powerful and swift analysis, in a 
competitive environment, with less money. 
We believe strongly in our nation's proven 
ability to make great strides in space, and 
we are proud that our tools - recognized as 
the industry standard - have continually 
been rated #1 in numerous independent 
government studies. 

Many programs within NASA are exten- 
sive STK users. As budgets shrink, they find 
that the competitive edge provided by STK 
is invaluable in analysis and visualization 
efforts. STK customers get the most accurate 
solutions, faster and cheaper than with any 
other legacy or commercial tool. 
Furthermore, they report being 5 to 100 
times more productive with our software, 
which pays for itself in four months. 

Our primary goal at AGl is to continual- 
ly bring tools to the space community that 
deliver success in analysis and gains in 
productivity. 


Analytical Graphics , Inc. 
66 0 American Avenue 
Kin# of Prussia, PA 19406 
li- ma i I : i n fo@sth.com 
UMM.Stk.com 


Analytical Graphics, Inc. 


Satellite Tool Kit emment and military organizations in the 

As a fully integrated software suite, Satellite United States and internationally, the fore- 
Tool Kit (STK)® provides the highest quality most commercial aerospace corporations, 
numerical and graphical analysis available, and leading high-technology new businesses. 



allowing users to stay ahead of the competi- 
tion. The software rapidly analyzes and dis- 
plays complex relationships among satellites, 
aircraft, launch vehicles, ships, ground vehi- 
cles, ground stations, and targets. Built by 
experienced analysts, STK enhances produc- 
tivity, shortens schedules, and reduces costs. 



Analysts, planners, systems operators, 
project leaders, and others in the aerospace 
industry benefit from STlCs flexibility and 
ease of use. The software operates on both 
UNIX and Windows architecture, and a 
maintenance agreement allows users to port 
to another platform at any time. Users 
answer essential questions now, and those 
that arise throughout a mission. 

What's more, STK's ongoing development 
and renowned customer support mean vali- 
dated, verified, accurate analysis that has 
been proven effective during more than 
seven years of use by thousands of customers 
worldwide. The customer base includes gov- 


Visualization Option & 
Programmer's Library 

Satellite Tool Kit/Visualization Option 
(STK/VO)™ is a fully integrated supplemental 
module for STK that provides a three-dimen- 
sional viewing capability. With this powerful 
tool, users gain an intuitive view of complex 
mission operation and orbit geometries. 
STK/VO displays satellites, facilities, targets, 
and sensors in a dynamic and realistic way. 
The result is state-of-the-art simulations and 
interactive performance on command. 

STK also is available as a Programmer's 
Library (STK/PL)™, a complete set of astro- 
dynamic, graphic, and user interface func- 
tions that are tested, documented, and avail- 
able for custom use. Developers can extend 
the scope and functionality of STK and its 
modules. 

Other STK Modules: 

•Chains™ 

•Close Approach Tool (CAT) 

•Comm Module 

•Inter-Process Communications (STK/IPC)™ 
•Precision Orbit Determination System 
(STK/PODS)™ 

•DAB Ascent™ 

•Generic, Resource, Event and Activity 
•Scheduler (GREAS)® 

•High Precision Orbit Propagator (HPOP)™ 
•Missile Flight Tool (MFT)™ 

•Navigator 

•SpaceVu™ 
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Nicholas C sondes, President and 
Chief Executive Officer 


The past year has been witness to many 
exciting happenings at Ansoft Corporation. 
A new sales office in Europe, a successful 
Initial Public Offering, and record financial 
performance are only a few of the ways in 
which Ansoft has grown to become a strong 
leader in the electromagnetic EDA market. 

Ansoft’s technical leadership is a primary 
reason for our continued success. We con- 
tinually seek to design and develop new 
technologies, products, and interfaces. 
Another reason underlying Ansoft’s success 
has been the expansion of our direct sales, 
marketing, and customer support efforts in 
the U.S., Europe, and Japan. 

Most recently, Ansoft announced the 
acquisition of the Electronics Business Unit 
(EBU) of the MacNeal-Schwendler Corpo- 
ration, a major developer of computer-aided 
engineering software. This addition to our 
Ansoft family strengthens our position with- 
in the growing electromagnetics market 
through the integration of the talents and 
technological achievements of the EBU with 
Ansoft. 

At Ansoft, we believe that real success is 
built over time by investing for the future. 
Ansoft will continue to invest in advancing 
our technological leadership and developing 
our existing markets. We will continue to 
invest in making Ansoft’s staff pre-eminent 
in the industry, and we will continue to 
invest in making our customers successful. 


Anutfl C oiporation 
Four Station Si/uarc, Suite (u>0 
Pittsburgh, PA 15219-1119 
Tel: 412-261-3200 
Fax: 412 471 9427 
F-niail: infoC^ansoft.com 
H’H'H. ansof t . com 
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ANSOFT 

Company History 

Ansoft has a history of creating significant 
technology breakthroughs. Zoltan Gendes, 
Ph.D., founder of Ansoft, conducted over 15 
years of R&D prior to the company’s inception in 
1984. Since that time, over a decade of R&rD by 
Ansoft research and development staff pioneered 
the notion of automatic and adaptive conver- 
gence to solutions, asymptotic waveform evalua- 
tion (AWE) for spectral domain solutions, trans- 
finite elements, basis evaluation state space tech- 
niques, and fast multiple acceleration algorithms. 



These advances meet the ever-growing 
needs of engineers as the market demands 
require smaller and faster devices with tighter 
design and compliance requirements. Ansoft 
continues to lead the technology in the indus- 
try with upgrades of its Maxwell products and 
the introduction of new products for both 
UNIX workstations and PCs. 

Ansoft direedy markets its products world- 
wide with a sales force and a network of dis- 
tributors. Customers include leading electron- 
ics, telecommunications, and automotive com- 
panies including Motorola, Intel, Texas 
Instruments, Samsung, Hitachi, Sony, Sharp, 
Ericsson, SGS Thomson, GM, Ford, and BMW 

Products and Applications 

Ansoft EM Product Line: Ansoft’s first 
product, the Maxwell 2D Field Simulator, 
shipped in 1986. This analysis tool became 
the basis for the Maxwell EM product line. In 
1990, Ansoft introduced the Maxwell 3D 
Field Simulator targeted at high-voltage, mag- 
netic, power, biomedical, and electromechan- 
ical applications. 

Ansoft’s recent introduction of EMSS, 
Electromechanical System Simulator, dem- 
onstrates the continued commitment to pro- 
vide cutting-edge technology to the CAE 
industry. EMSS offers a unique solution to the 
problem of predicting the transient behavior of 
electromechanical systems with moving parts. 
It enables the combination of electromagnetic 
device characteristics with equations of motion 
and circuit excitation to predict complete 
electromechanical system behavior 


L 


In 1994, Ansoft announced the redesign of 
its flagship EM product, the Maxwell 3D Field 
Simulator, offering major upgrades to solid 
modeling, pre- and post-processing, and mesh 
generation. This effort is in response to 
Ansoft^ customers’ requests and needs - again 
illustrating Ansoft^ close relationship with its 
customer base and a commitment to customer 
satisfaction. 

Ansoft High-Speed, High-Frequency 
Product Line: Ansoft entered the electronic 
design automation (EDA) arena in 1989 with 
the High Frequency Structure Simulator 
(HFSS), an Ansoft-developed product. HFSS 
is used by microwave component designers 
for defense and aerospace applications. 

In 1992, Ansoft introduced Maxwell 
Spicelink, an electromagnetic extraction and 
signal integrity tool for analysis of high-speed 
digital interconnects, including semiconduc- 
tor packaging, printed circuit boards, and die- 
level interconnects. Maxwell Spicelink was 
the first software product to combine four dif- 
ferent extraction methods with a SPICE cir- 
cuit simulator and multilayer interface to 
GDSll and DXF file formats. 

Ansoft uniquely positioned itself in the sig- 
nal integrity marketplace in January 1994 as 
the premier electromagnetic-based software 
tool vendor with the introduction of Maxwell 
Extractor and Maxwell Eminence. Eminence 
is the first commercial software product to 
offer an integrated solution to the full spec- 
trum of high-speed design issues, from signal 
delays through electromagnetic compatibility. 
Eminence analyzes potential EMI/EMC prob- 
lem areas, thus avoiding substantial redesign 
time and costs before a product leaves the 
design stage. 

With the recent introduction of Maxwell 
Strata, Ansoft reinforces its presence in the high- 
frequency market. Microwave and RF designers 
benefit from Strata^ true three-dimensional 
implementation of trace currents in highly 
dense planar PCB, MIC, and MM1C circuits. 
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CETI 


Concepts Engineering Education and 
Technology for Industry 


O ver the past 17 years. Concepts ET1, 
Inc. (CETI) has become the leading 
independent turbomachinery design and 
development organization in the world, pro- 
viding state-of-the-art fully integrated engi- 
neering design software, turbomachinery 
design and development services, laboratory 
performance testing services, advanced tech- 
nology development through SBIR and con- 
sortium programs, troubleshooting and 
design audit services, educational courses, 
and publications. CETI has a diverse staff of 
engineers with many years of experience in a 
broad range of turbomachinery applications. 
The CETI team can easily be integrated to 
work with your existing programs to address 
your turbomachinery needs for today and 
tomorrow. 



Concepts ETI, Inc. Headquarters 

Major emphasis at CETI is placed on 
developing advanced turbomachinery design, 
analysis, and test data reduction software for 
axial and centrifugal pumps, compressors, 
blowers, fans, turbines, and expanders. 
Highly interactive software allows an engineer 
to efficiently move from multi-point ID 
design optimization through complete 3D 
CAD design, various 3D aero design (includ- 
ing 3D viscous CFD techniques), rotordy- 
namic/bearing, and structural analysis, and 
directly into CAD/CAM. CETI is an agent and 
users’ support provider for the FINE/TURBO 
CFD codes developed by NUMECA. CETI 
continues to support and use the BTOB3D 


Concepts ETI, Inc. 

4 Billings I arm Rotul 
While Riser Jet., VT <>.»<><> I 
Tel: 802-296-232 1 
l ax: 802 296-2325 
E-mail: cel i @salley. net 


program. CETIk name continues 
to be synonymous with CFD val- 
idation. 

CETI works with all aspects of 
turbomachinery for industrial 
and government clients. “Agile 
engineering” techniques and soft- 
ware are utilized for project work. 

Recent design/development and 
retrofit activities include projects 
for compact axial, mixed-flow, 
and compressor stages for missile 
applications; aircraft and indus- 
trial gas turbine stages; refrigera- 
tion compressors; industrial axial 
and centrifugal pumps; new radi- 
al inflow turbines; turbocharger 
compressors; unusually high 
pressure 

ratio; low specific speed 
process compressors; 
plant air compressors; 
large steam turbines; 
axial compressors and 
turbines; and rocket 
engine turbopumps. 

Advanced technology 
development programs, 
through consortia, SBIR 
(government innovative 
research), and Internal 
Research and Development, remain active at 
CETI. Four major consortium projects are in 
progress. 

SBIR projects focused on improving SSME 
turbopump throttleability for NASA and 
increased stage loading for U.S. Air Force 
rocket turbopumps are underway. Other 
SBIR projects cover diffuser performance, 
innovative compressor cover bleed, engine 
health management, core cooling, and 
dynamic clearance control technologies for 
compressors and gas turbines. 

CETI’s laboratory capabilities are unique 
among independent design and development 
companies. Our laboratories contain instru- 
mentation from classical pneumatic and ther- 
mal probes and traverses to more sophisticat- 
ed hot-wire/hot-film and laser anemometers, 
high frequency’ pressure transducers, prox- 
imity probes, data acquisition systems, labo- 
ratory software, traversing equipment, and 
Polytec laser two-focus velocimeters. Our 
new Component Rotating Dynamics 
Laboratory (CRDL) magnetic bearing rig is 



Laser velocimeter on test rig. 


being used for the industrial pump consor- 
tium, rocket engine turbopump development 
testing, and compressor seal testing. 

CETI’s reputation has been built upon the 
strength of a comprehensive selection of tur- 
bomachinery courses for engineers. We have 
instructed over 2,500 students from 300 
companies around the world. In 1997, over 
12 courses will be conducted covering a 
broad range of turbomachinery topics. 
Students can earn credit towards a university 
masters degree for most of our courses. 
Please contact us for a 1997 schedule and a 
course catalog. 

CETI remains at the forefront for turbo- 
machinery publications. Introduction to 
Turbomachinery and Centrifugal Compressor 
Design and Performance were recently pub- 
lished. A comprehensive pump design book 
will be published in mid- 1997. 



G.T. compressor with comprehensive 
instrumentation. 
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Jeff Rankin 
Director of Marketing 


Analysis technology continues to advance 
at a rapid pace. It seems certain that future 
directions will focus on automating and 
speeding the calculations process. But many 
questions remain "left to the user." Loads, 
boundary conditions, materials properties, 
and interpretation of results are basic engi- 
neering questions that should be addressed 
long before any computer analysis is per- 
formed. 

Companies that are successful with analy- 
sis tools often use it in two phases of the 
design process: 1) concept modeling and 
analysis before any detailed CAD takes place; 
and 2) validation of the detailed and final 
implementation. 

In particular, the use of analysis tools 
before CAD provides a catalyst for design 
teams to address essential questions about 
different approaches. Concept modeling and 
analysis helps to eliminate bad designs early, 
and provides crucial insights into product 
performance. Validation of the final design 
provides a check that original concepts and 
assumptions were correct and provides feed- 
back for future concept modeling. 

Focusing on engineering fundamentals at 
both conceptual and validation phases of the 
process will improve the benefits derived 
from analysis. 


Enterprise Software 
Products , Inc. 

41.5 Eagleview Bird Stc. 105 
Exton , PA 19541 
Tel: 610 458 3660 
Fax: 610 458 5665 
E-mail: jrankin@femap.com 
wMM.femap.com 



FEMAP ® 


Enterprise Software Products 


Products and Applications 

FEMAP provides a consistent environ- 
ment to enable technical professionals to 
quickly and efficiently develop simulations 
of mechanical product performance. 

Geometry or finite element models can 
be created easily using bottom-up con- 
struction techniques popular for many con- 
ceptual modeling applications. As a com- 
plement, complex design geometry may be 
accessed directly from a number of popular 
CAD systems. 

A powerful beam cross-section library is 
included. This library improves productivity 
by enabling you to automatically calculate 
area and inertial properties and provides 
visual feedback on beam orientation. A mate- 
rial library is included, which may be 
extended to meet company-specific applica- 
tions. The finite element mesh can be devel- 
oped using direct generation of elements, 
mapped meshing, or free meshing of surfaces 
and solids. 

FEMAP is not a retrofit but rather a native 
and fully compliant Windows product. In 
the Windows 95 and Windows NT versions. 


drag-and-drop and OLE 2.0 functionality is 
provided. FEMAP also is available on a num- 
ber of popular UNIX workstations. Stress, 
deflection, temperature, heat flow, and 
dynamic performance can be solved by a 
wide range of commercial FEA solvers. 

As application requirements change and 
as new solver technologies emerge, you easi- 
ly can integrate these technologies while 
remaining in the FEMAP environment. 
FEMAP supports a very broad range of com- 
mercial FEA solver technologies, including 
many advanced features for ABAQUS, 
ANSYS, and MSC/NASTRAN. 



Company History 

Founded in 1986, the company continues 
to experience strong growth. As the use of 
personal computers for CAE has grown, so 
has the use of FEMAP. The firm also has part- 
nerships with leading CAE providers includ- 
ing ANSYS, CSAR, MSC, and UAL 

Enterprise Software Products, and the 
FEMAP product line, are increasingly regard- 
ed as a companion to high-end FEA systems 
on workstations and supercomputers. 
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INTEGRATED 

ENGINEERING SOFTWARE 


The Company 

Established in 1984, Integrated Engineer- 
ing Software is a Canadian research and devel- 
opment corporation specializing in the devel- 
opment and marketing of fully integrated, 
graphical, Computer-Aided Engineer-ing 
(CAE) 2D/3D software for electromagnetic 
and thermal design and analysis. All programs 
are based on the Boundary Element Method 
(BEM), now recognized as one of the most 
powerful and advanced field solution algo- 
rithms available. Programs provide research 
and development engineers in both large and 
small organizations with the means to opti- 
mize design, maximize efficiency, and reduce 
costs, allowing for the simulation and testing 
of a problem on the computer prior to actual- 
ly building a cosdy prototype. 

The Products 

MAGNETO (2D/RS) and AMPERES (3D) 
are magnetostatic field solvers, while OER- 
STED (2D/RS) and FARADAY (3D) are low- 
frequency, time-harmonic field solvers. MAG- 
NETO, AMPERES, FARADAY, and OERSTED 
are used for designing and analyzing a wide 
range of electromagnetic devices and compo- 
nents such as solenoids, AC/DC motors, 
transformers, recording heads, magnets and 
magnetizing fixtures, and cater to linear, non- 
linear, and permanent magnet materials. 

ELECTRO (2D/RS) and COULOMB (3D) 
are electrostatic field solvers. ELECTRO and 
COULOMB are used in the design and analy- 
sis of electrical and electronic equipment 
such as insulators, bushings, grounding elec- 
trodes, transmission lines, telecommunica- 
tion cables, and microstrip and integrated 
circuits. 

KELVIN (2D/RS) is a heat transfer solver 
for equipment and components requiring 
thermal analysis such as electronic packag- 
ing, heat exchangers, and induction heating 
and hardening devices. 

Using Integrated^ CAE simulation soft- 
ware, designs are entered into the program, 
along with all the various material and design 
variables. A simulation is run and the results 
are presented. This way, the designers can 
“prototype" using a wider variety of variables 
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IES New Windows Interface 

and materials, before hav- 
ing to physically build 
anything. 

Integrated offers a 30- 
day No-Charge Evalu- 
ation of their full-version 
software, to allow poten- 
tial customers to test pro- 
gram capability with no 
obligation to purchase. 

All products are avail- 
able to run under DOS, 
Windows, and a variety 
of workstation platforms. 
The 2D/RS suite of prod- 
ucts has recently been 
released using a new-look 
Windows interface. 



Electric Field Color Map for a focusing lens 


Integrated Engineering 
Soft ware 

Tel: 204 632-5636 
l ax: 204-633-77S0 
E-mail: info@integrated.mh.ea 
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integrated 

systems 


H eadquartered in Santa Clara, CA, 
Integrated Systems Inc. (NASDAQ: 
INTS) is the leading worldwide provider of 
embedded solution tools for the telecommu- 
nication, automotive, multimedia/consumer 
electronics, office/retail automation, aero- 
space, and process control industries. 
Founded in 1981, Integrated Systems’ world- 
wide presence includes sales and services 
offices throughout Asia/Pacific, Europe, 
Canada, and the United States. The company 
has over 450 employees worldwide. Revenue 
for the 1996 fiscal year was $84. 4 million, an 
increase of 45 percent over the previous 
year’s revenue. 

Innovative, Unique Products 
and Services 

The MATRIX*® Product Family is the first 
fully automated system that allows for the 
graphical design, simulation, automatic code 
and document generation, and real-time test 
for real-time control systems. For over 10 
years, the MATR1X X Family has proven its 
value in numerous control and embedded 
systems engineering programs worldwide. 
Users include 26 of the worlds top 28 auto- 
motive manufacturers, as well as the top 
aerospace, industrial process control, com- 
puter manufacturing, and research organiza- 
tions. 

The MATRIXx product family features: 
SystemBuild™, the industry’s leading graphi- 
cal modeling and simulation environment; 
Xmath™, the first object-oriented mathe- 
matical analysis and visualization tool; 
Autocode®, the first and most sophisticated 
automatic C and Ada code generator, 
Documentlt™, the first automatic documen- 
tation generator; and the RealSim Series’' of 
rapid prototyping computers. 


MATRIX* Family 

pSOSystem Family 

■ End-to-end solution from 
concept to implementation 

■ Real-time embedded solutions 

■ Modeling, analysis, and 

simulation tools 



SNIFF* 


TakeFive 

-an integrated development environment for C/C++ 


Advanced Systems Group 

• Custom designed software and systems integration 

Dr. Design 

i Custom designed real-time hardware and systems integration 


The pSOSystem® provides a proven, full- 
featured run-time and development environ- 
ment for real-time embedded applications. 
The pSOSystem consists of a family of devel- 
opment tools and embedded run-time tech- 
nology that supports popular hosts and 
CPUs. There are three main parts of pSOS: 
the Runtime Core, which consists of a family 
of real-time, deterministic, multitasking ker- 
nels anchored by pSOS; and pSOS+m for 
multiprocessing solutions and pSOSelect for 
extremely small memory requirements. The 
Application Specific Solutions provide verti- 
cal market-specific solutions such as 
advanced networking and multimedia, and 
The Development Tools provides a complete 
set of integrated compilers, debuggers, and 
simulators tailored for embedded developers. 


Positioned for Growth 

In Fiscal 1995, Integrated Systems signifi- 
cantly increased its share of telecommunica- 
tions, data communications, and automotive 
embedded markets. The company acquired 
two new companies in fiscal 1996 that will 
further add to its host of products. 

TakeFive Software, acquired in October 

1995, provides solutions to aid in complex 
software development. Its SNiFF+ product is 
an interactive software development environ- 
ment for C, C++, and other languages. 

Doctor Design Inc., acquired in January 

1996, is an engineering services company 
that specializes in applying state-of-the-art 
engineering technology to solve critical tech- 
nical challenges for its customers. 


Integrated Systems Inc. 

Tel: 408-542-1500 or 800- 
770-3JM 

Fax: 408 542 1930 
[mail: mix - in fo&isi.com 
ivhw. isi. a i»ii/h china i 
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SPSS Plots a Scientific Future - Merger with 
Jandel Expands Scientific Offerings 


S ince the purchase of SYSTAT® in 1994 
and BMDP in 1995, SPSS Inc. has been 
knocking on the door of the scientific com- 
munity, offering its award-winning statistical 
solutions. That door swung wide open with 
the October 1996 announcement that SPSS 
was merging with Jandel Scientific. These 
three landmark acquisitions leave no room for 
doubt - SPSS is firmly entrenched as a suppli- 
er of solutions for scientists and engineers. 

A Leader in Scientific Analysis 
Solutions 

Founded in 1968, SPSS is a leading devel- 
oper of desktop statistical product and ser- 
vice solutions. SPSS’ first significant step 
toward meeting the data analysis needs of 
the scientific user began with the 1994 
acquisition of SYS- 
TAT, the award-win- 
ning statistical prod- 
uct for scientists. 

SYSTAT is used by 
researchers who want 
fast, flexible statistics 
and graphics that 
speak the scientific 
language. The first 
version of SYSTAT was 
developed in the late 
1970s by Leland 
Wilkinson, Ph.D., who 
has been and contin- 
ues to be the guiding 
force behind SYSTATs 
development. 

As a pioneer in the 
desktop statistics soft- 
ware market, SYSTAT 
has received numer- 
ous awards for its quality and power, includ- 
ing InJoWorld “Best In Its Class” and “Buyers 
Assurance Seal,” PC Magazine “Editor’s 
Choice" award, and a top rating in the PC 
Week “Corporate Satisfaction Poll.” Following 
this strong tradition, SYSTAT 6.0 for 


Windows sets a new benchmark, attaining 
new levels of user friendliness, interactive 
data exploration, and robust statistical analy- 
sis. It is the tool the serious researcher can 
rely on from data to discovery. 

The Plot Thickens 

By strengthening its scientific offerings 
through the purchase of Jandel Scientific, 
SPSS expands its offering of state-of-the-art 
software tools for scientific research. Most 
notable is SigmaPlot®, the leading brand of 
scientific graphics software. SigmaPlot fea- 
tures extraordinary control, powerful data 
analysis, and an extensive range of scientific 
options. With an installed base of over 
100,000 users, SigmaPlot is used more than 
any other software product by scientists to 



prepare their graphs for publication. 

Jandel’s products have earned industry- 
wide acclaim from reviewers and customers 
alike, SigmaPlot was awarded a PC Magazine 
“Editor’s Choice,” and SigmaPlot has consis- 
tently won the covered Scientific Computing 


and Automation “Reader’s Choice” award five 
years in a row. In addition, SigmaPlot was 
named in the September 1996 Desktop 
Engineering “Author’s Choice Awards,” with 
the reviewer proclaiming, “When it comes 
to choosing the program that will best meet 
the needs of the bulk of scientific and engi- 
neering users, it isn’t close: it’s SigmaPlot by 
a mile.” 

Jandel’s other products, including 
SigmaStat®, SigmaScan™, Tablecurve™ 2D 
and 3D, PeakFit™, and SigmaGel™ round 
out SPSS’ new product offerings. 

Delivering the Future 

SPSS’ considerable resources assure that 
the entire line of scientific analysis tools is 
available worldwide. SPSS boasts an exten- 
sive worldwide dis- 
tribution network, 
including 27 offices 
and more than 60 
distributors around 
the globe. This 
extensive overseas 
distribution guaran- 
tees that all of the 
SPSS scientific prod- 
uct offerings will be 
readily available to 
scientists through- 
out the world. 

Whether in the 
U.S. or abroad, SPSS 
is clearly demon- 
strating its commit- 
ment to provide 
comprehensive data 
analysis solutions to 
the scientific com- 
munity. This commitment ensures techno- 
logically advanced products, aggressive 
product development schedules, expert tech- 
nical support, and responsive distribution 
channels. 


Jantlcl Scientific 

Tel: 415-453-6700, ext. 24H 
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Thomas C. Curry, President & Chief 
Executive Officer 

MSC^ mission is to provide software tools 
and related services (solutions) to global 
manufacturers worldwide, and to improve 
their design-to-manufacturing process (faster 
to market, improved quality, less cost). We 
offer complete solutions (software and ser- 
vices) to complex structural problems 
through our direct sales channel, packaged 
products via resellers, and component tech- 
nology through our OEM partners. Our solu- 
tions offer the highest value available, and 
solve the widest range of the most difficult 
problems on any platform, faster and more 
reliably than our competition. 

MSC’s goal is to keep pace with our cus- 
tomers’ changing design-to-manufacturing 
processes by changing our orientation from 
technology-driven to customer-driven, re- 
placing our emphasis on providing FEA soft- 
ware products with complete computer-aided 
engineering solutions. By doing this, we 
become strategic partners with our customers 
and directly contribute to their success. 

A key component in our goal to move 
closer to our customers is our formation of 
market oriented business units - aerospace 
and defense, automotive, and growth indus- 
tries. These business units are staffed with 
development, marketing, and sales personnel 
who have both CAE software expertise and 
technical backgrounds in their respective 
industries. 

We are already discovering that this 
approach is a turning point in our history 
and we are convinced that both MSC and our 
customers will benefit from this approach. 


The MacNeal-Schwendler 

Corporation 

SI5 Colorado Bl\d. 

Los Angeles, CA 90041 
Tel: 800 336 483 8 
Fax: 213-259-3838 
\%mm. mac sell . com 




The 

MacNeal-Schwendler 
Corporation 

MSC/NASTRAN Version 69 & 
MSC/PATRAN Version 6 


New Features and 
Enhancements 

For the first lime, new releases of 
MSC/NASTRAN and MSC/PATRAN are 
being shipped simultaneously to customers, 
offering substantial product enhancements 
and increased performance, accuracy, and 
quality to engineers. 

The focus of MSC/NASTRAN Version 69 
and MSC/PATRAN Version 6 has been on 
CAE modeling and performance improve- 
ments for automotive and aerospace compa- 
nies. Version 69 of MSC/NASTRAN focuses 
on improving engineering throughput, with 
significant enhancements to both the pro- 
gram^ raw performance and its ability to 
handle large and complex problems. Over 
100 user-requested enhancements have been 
incorporated into this latest version. Version 
69 includes a world-class solver that uses sig- 
nificantly less memory and disk space than 
other products in the CAE industry. 

Improved integration and increased mod- 
eling capabilities have been the main goals in 
developing the latest version of MSC/- 
PATRAN. The most significant enhancement 
in Version 6 is the incorporation of the 
Parasolid geometry modeling kernel into 
MSC/PATRAN. Parasolid also is the solid s 
modeler at the core of EDS/Unigraphics. 

The newest version allows customers to 
import their solid Unigraphics (UG) CAD 



ment in the import of UG parts into 
MSC/PATRAN, and the subsequent creation 
of finite element models. 

The integration of the transfer of data 
between MSC/PATRAN and MSC/NASTRAN 
has also been greatly improved in this release 
of MSC/PATRAN. This increased level of 
integration, as evidenced by enhancements 
such as the ability to transfer beam proper- 
ties and heat transfer data, provides an 
unparalleled suite of analysis capabilities. 



parts directly into MSC/PATRAN to create 
analysis models with absolutely no transla- 
tion or approximation. Customers using 
both MSC/PATRAN and Unigraphics will 
realize a tremendous throughput improve- 


Company History 

The MacNeal-Schwendler Corporation is 
the world’s largest provider of computer- 
aided engineering solutions. MSC’s solutions 
are built on an unmatched foundation of 
engineering expertise, technology leader- 
ship, and superior customer support. Its 
strength as a company is its ability to antici- 
pate the engineering needs of MSC cus- 
tomers, identify their requirements, tailor 
software products to those needs, and then 
follow up with strong user support. 

From its inception on February 1, 1963, 
when Dr. Richard H. MacNeal and Robert G. 
Schwendler founded MSC with an $18,000 
investment, engineering excellence has been 
a hallmark of the company. The firm’s pri- 
mary analysis software spans the develop- 
ment of computer hardware over three 
decades, providing MSC with unique insight 
and a corporate finger on the pulse of high 
technology. 
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MathSoft, Inc. 

101 Main Sired 
Cambridge, MA 02142 
Tel: 617-577 1017 
mvu. mailt soft . coni 


Charles J. Digate, Chairman, President & CEO 


MathSoft is the leading provider of 
knowledge discovery software. Founded in 
1984, MathSoft users include technical pro- 
fessionals worldwide at more than half the 
Fortune 1000 companies and over 500 gov- 
ernment installations, scientists, research- 
ers, and students and faculty at over 2,000 
colleges and universities. 

MathSoft's products include the award- 
winning Mathcad® and Axum®, numerous 
electronic books, S-PLUS® and Study- 
Works®. MathSoft distributes its products 
through third party resellers, including 
retail and software stores, catalogs, college 
bookstores, value-added resellers, and pub- 
lishers. All MathSoft products are available 
by contacting MathSoft directly. 

Recently, MathSoft opened an on-line 
math, science, and engineering web store 
for software and electronic books 
(http://www.mathsoft.com). Flere, interest- 
ed parties can obtain detailed information 
on MathSoft’s products using an on-line cat- 
alog. Consumers are able to download the 
software direedy or test the products before 
purchasing. 

MathSoft is publicly traded on the NAS- 
DAQ National Market System under the 
symbol MATH. 


Products and Applications 

• The Mathcad Technical Professional Suite”* 

The Mathcad Technical Professional Suite, 
consisting of Mathcad PLUS 6.0, Visio 
Express® for Mathcad, the new Axum 5.0, 
and the Mathcad PLUS 6.0 Treasury, is an 
extensive package of productivity tools. It was 
created for use by operators who regularly 
perform mathematical calculations, develop 
engineering models, or create technical pro- 
cedure reports. The Mathcad Technical 
Professional Suite is designed to assist engi- 
neers, scientists, statisticians, and other tech- 
nical professionals to create and manage tech- 
nical documents from start to finish using a 
suite of integrated productivity tools. 


sheets, providing users with an integrated 
backdrop for the creation of publication-qual- 
ity projects. 

• The Mathcad PLUS 6.0 Treasury 

Working with Mathcad PLUS 6.0, The 
Mathcad PLUS 6.0 Treasury provides fully 
interactive examples of all of Mathcad’s 
mathematical features. The Treasury works 
seamlessly with Mathcad, allowing the user 
to drag and drop live formulas into existing 
Mathcad worksheets. Tips and explanations 
found in The Treasury help the user to max- 
imize the benefits of Mathcad PLUS 6.0. 

Circle No. 819 On Fax Form 


vides users with a live, interactive environ- 
ment for solving real-world problems and 
documenting the results. The combination of 
Mathcad PLUS 6.0 and Visio Express allows 
users to create technical drawing? by dragging 
and dropping Visio SmartShapes® from the 
softwares wide range of electronic stencils. 


• Axum 

Award-winning Axum is a powerful and 
flexible technical charting and data visualiza- 
tion package. There are over 10,000 regis- 
tered users of Axum worldwide. 

New Axum 5.0 is available for Windows 
95, Windows NT, and Windows 3. lx. Axum 
combines the ease of use of the best-selling PC 
business graphics package with 
powerful features such as 80 2D and 
3D technical plot types, 3D contour 
plotting, linear and nonlinear curve- 
fitting, and new multipanel plots™ to 
help reveal data patterns you can't 
see using traditional techniques. 
Axum lets you combine multiple, 
editable graphs on a page and cus- 
tomize every detail. Its slick interface 
makes it easy to learn and use. Fully 
interactive, elements from Axum 5.0 
can be embedded in Mathcad work- 


The Mathcad Technical Profes- 
sional Suite is available for single 
users and workgroups (5-seat, 10- 
seat, 25-seat). It runs on Windows 
3.1x or NT running on an 80486 or 
higher (coprocessor recommended), 
mouse, Windows-compatible video, 
3.5" disk drive, 50 MB disk, mini- 
mum of 16 MB memory with swap 
space. The single-user license is avail- 
able for $495. For more information, 
contact MathSoft directly or visit the 
MathSoft Web Site at http7/www. 
mathsoft.com. 


• Mathcad 

MathSoft^ flagship product, Mathcad, is 
the most widely used technical calculation 
software worldwide. Today, there are more 
than one million users of Mathcad. 

Mathcad PLUS 6.0 is a powerful, easy-to- 
use, integrated technical calculation product 
for Windows 95, Windows NT, and 
Windows 3. lx. Mathcad consists of an exten- 
sive set of numeric and symbolic mathemati- 
cal and data analysis features, 2D and 3D 
graphing and visualization capabilities, and 
took for collaboration including built-in 
Internet connectivity. Mathcad PLUS 6.0 pro- 
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David Stern, President 


Research Systems’ corporate motto is 
SoftwaresVision. Our goal is to create soft- 
ware that is visionary, both in the sense that 
the software embodies extraordinary vision 
and foresight, and that it gives our customers 
the vision to clearly see and understand their 
data. 

My focus as president of Research Systems 
is to lead our growing team in the creation of 
software that is perfect in every aspect. 
Although our goal is unattainable, we never- 
theless constantly strive to make our software 
more accurate and powerful, faster, and easi- 
er to use. 

We have more than doubled the size of 
our engineering staff during the past year. We 
have invested in people with the expertise 
required to design and implement software 
in today’s rapidly changing world of technical 
computing. Top-notch engineers skilled in 
science, mathematics, user interface design, 
and the wide variety of computing platforms 
are working to improve our present products 
and create exceptional new products. We are 
continually improving the ease-of-use of our 
software to make your work more enjoyable 
and productive. We’ve also added a full-time 
test engineer to ensure that each release of 
our software is more reliable than the last. 


Research Systems, Inc. 
2995 Wilderness Place 
Boulder CO S(U() I 
Tel: 303-786-9900 
l aw 303-786-9909 
/ : - ma i I : info@rs i in . com 
M'HM.rsincxom 


Research Systems, Inc. 



Products and Applications 

IDL®: Interactive Data Language. Immedi- 
ately gain insight from your data with IDL®, 
the ideal software for data analysis, visualiza- 
tion, and application development. Reduce 
your development time with IDLs high-level, 
array-oriented programming language and 
interactive library of 2D and 3D graphics, 
mathematics, statistics, and cross-platform 
GUI tools. IDL also includes advanced image 
processing, volume visualization, flexible 
data I/O, and versatile program linking tools. 
One or two lines of IDL code can do the job 
of several hundred lines of C or Fortran. IDL 
programs are portable across Windows 
3.1/95/NT, UNIX, Linux, Macintosh/ 
PowerMac, and VMS platforms. If you ana- 
lyze data from tests, experiments, simula- 
tions, or images, or write applications for 
others to use, IDL will help you get clear 
results faster. 


mer every time they needed to write or mod- 
ify an application. Research Systems, Inc. 
and IDL, the Interactive Data Language, were 
bom from that prototype. 

During the early 1980s, Stem realized that 



Company History 

In 1977, David Stem was working at the 
University of Colorado with a team of scien- 
tists interpreting the data from the Mariner 
Mars 7 & 9 space probes. While there, he 
wrote the Mariner Mars Spectral Editor (an 
IDL® prototype), a software language that 
went beyond the functionality of Fortran and 
provided for easier, faster application devel- 
opment, data analysis, and visualization. It 
successfully allowed scientists to test 
hypotheses without employing a program- 


doctors, engineers, and earth scientists 
required data analysis and visualization tech- 
niques to keep up with the explosion of data 
produced by modem instruments. IDL was 
rewritten to specifically address the problem 
of handling large amounts of data. 
Consequently, IDL has played a critical role 
in virtually every NASA and European Space 
Agency mission since that time. 
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The 

MATH 
WORKS 

Inc. 


Tlw MathWorks, Inc. 

24 Prime Path Way 
Natick , M A 01760 
Tel: 508-647-7000 
Tax: 508-647-7101 
L - ma i I : i n ifo@math ho iks.com 
www: mol hworks.com 


The MathWorks, Inc. 


Company History 

The MathWorks, Inc., located in Natick, 
MA, was established in December 1984 by 
Cleve Moler and John Little to develop and 
market interactive engineering and scientific 
software products. As founders of The 
MathWorks, Moler and Little recognized the 
need among engineers and scientists for 
more powerful computing environments 
beyond those represented by Fortran and C. 
In response to that need, they combined 
their expertise in mathematics, engineering, 
and computer science to develop the MAT- 
LAB® software product, an interactive system 
that provides high-performance numeric 
computation and graphics in an easy-to-use 
environment. The MathWorks employs over 
350 people and its products are in use by 
more than 300,000 technical professionals in 
over 100 countries. 


Products and Applications 

MATLAB is a high-performance technical 
computing environment that provides com- 
prehensive math and graphics, specialized 
application toolboxes, and a powerful struc- 
tured programming language. MATLAB 
offers hundreds of convenient, built-in func- 
tions that users can customize and extend as 
needed. Users can also link in their existing 
C and Fortran programs. The new MATLAB 
Compiler and C Math Library allow users to 
automatically convert their MATLAB pro- 


grams into portable C code for standalone 
applications that run outside of the MATLAB 
environment. MATLAB files and user-written 
applications are portable across PC, 
Macintosh, and UNIX workstation platforms. 

SIMUUNK*, built on the MATLAB tech- 
nical computing environment, is an interac- 
tive system for analyzing, modeling, and sim- 
ulating dynamic nonlinear systems. Real- 
Time Workshop"* extends SIMUUNK for 
generating real-time code for embedded con- 
trol, hardware in-the-loop, and rapid proto- 
typing. Generated code can be applied to 
many applications, and the open architecture 
promotes a multitude of solutions for real- 
time applications. Hardware interfaces are 
available for prototyping of control systems 
and digital signal processing applications. 
For control system prototyping, dSPACE 
provides turnkey support based on DEC 
Alpha or Texas Instruments DSP hardware. 
Similarly, digital signal processing applica- 
tions are supported on hardware offered by 
Loughborough Sound Images, Ud. 

MATLAB Toolboxes and SIMUUNK 
Blocksets extend the power of MATLAB by 
providing algorithms and functions devel- 
oped by experts in digital signal processing, 
control system design, image processing, 
symbolic math, finance, statistics, neural net- 
works, system identification, optimization, 
and other application areas. 
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V ariation Systems Analysis, Inc. (VSA) 
was formed in 1981 to provide our 
client base with computer software tools and 
engineering methodologies to improve the 
competitive position of their products 
through controlled variation and robust 
design. Our focus has been on developing 
the software tools and engineering expertise 
to support the implementation of a struc- 
tured Dimensional Management Process in 
large engineering, manufacturing, and prod- 
uct assembly organizations. The Dimen- 
sional Management Process centers on inte- 
grating the following six key ingredients for 
dimensional quality into your product 
release cycle through well-defined deliver- 
ables. 

• All product dimensional requirements are 
clearly defined at the beginning of the 
design cycle. 

• The design, manufacturing, and assembly 
process as specified optimally meets prod- 
uct requirements. 

• Product documentation is correct and 
communicated effectively throughout the 


product team (i.e., GD&T, nominal geom- 
etry, assembly locators, SPC checkpoints, 
assembly methods, and process). 

• A measurement plan is implemented that 
validates product requirements. 

• Manufacturing capabilities achieve design 
intent. 

• A well-defined production-to-design 
“feedback loop” exists. 

The engineering consulting expertise that 
VSA has gained through the application of 
our products on thousands of real-life exam- 
ples and the direct integration of our 
Dimensional Management software products 
with the leading CAE software vendors has 
allowed us to become the world leader in 
Dimensional Management. 

Our 3-Dimensional tolerance analysis 
software tools are integrated with many CAE 
systems as described below: 

VSA-GDT is a tolerance checker and 
Geometric Dimensioning and Tolerancing 
(GD&rT) analysis software program directly 
integrated with many popular CAE systems. 
VSA-GDT analyzes the GD&T scheme to 


determine if it is correct according to the 
ANSI/ISO Standard. The software verifies 
that each feature is correctly constrained in 
form, orientation, location, and size. It also 
ensures that the feature control frames are 
syntactically correct, and each feature is 
related to the master datum reference frame 
through one unique path. 

VSA-3D is a 3-dimensional tolerance 
analysis software program using statistical 
simulation techniques to predict the amount 
of variation that can occur in an assembly 
due to specified design tolerances, fixturing 
tolerances, and manufacturing/assembly 
variation. Additionally, VSA-3D can deter- 
mine the contributing factors of the predict- 
ed variation and their percentage of contri- 
bution. VSA-3D is directly integrated with 
many popular CAE packages. 

If your organization is interested in learn- 
ing more about how the Dimensional 
Management Process, combined with our 
software tools, might help you improve the 
quality and competitive position of your 
products in the marketplace, please call one 
of our facilities. 


Variation Systems Analysis. Inc . 
300 Maple Park Blvd. 

St. Clair Shores , Ml 4X0X1 
Tel: XIO 774 2640 
l ax: XI0-77X-6470 
t - nut i I : i n foGH sa . com 
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Beyond Numerical Solvers: Application of 
Symbolic Mathematical Software in 
Modeling and Simulation 


T raditionally, the role of computers in 
modeling and simulation has been that 
of solvers. Sophisticated numerical algo- 
rithms have been developed to solve models 
consisting of a wide range of mathematical 
constructs. Any numerical approach, howev- 
er, has three fundamental disadvantages: 

• All parameters must be known for solution, 
resulting in guess-work and excessive simu- 
lation runs to identify optimal parameter 
values. 

• They have inherent errors due to the sub- 
stitution of exact model information with 
approximations. 

• They address only the solution phase. 
Modeling is a more complex task and often 
the most time is spent on the formulation 
of models and interrogation of results. 


Maple V, an integrated sym- 
bolic mathematical processing 
system, addresses the short- 
comings of conventional soft- 
ware by providing computing 
support for all phases of model- 
ing and simulation. 

Model Formulation: Maple 
Vs symbolic manipulation 
replaces the error-prone manual 
development of models. Its 
functions in calculus, algebra, 
tensors, statistics, and others 
allow users to automate many 
formulation methods. Derivation of equa- 
tions of motion through Lagrangian formula- 
tion, or control system transfer functions, are 
examples where Maple can save days over 



Extensa Ufeer Community 
10(h Appicaton Books 
Maple User* Group 
Made Tech Magazine 


Mufcpte Doctmert 
rteractwe Worksheets 
Reusable Subexpressions 
SyntxjfcManipiiafcn 


Natural Math Output 
•What T Analyse 
Graphics & Animation 
Weraci^e Plots Speoafczed Ptots 



Symbolc Parameters 
Symtxfc Equations 
Bfbenl User Interface 
bfxxapeu vatn nrttans 
Malra Fonatetons 
Curve fitting 
Transkyms 

Programming Language 
Unique Oatastnxtures 
Interactive Debugger 
Advanced He*> System 
Command Ine Person 


Analytical SoUions 
Syntofc Series SOUkrs 
Numerical Solutions 
FORTRAN C Code Generation 


Wain loo Maple Inc. 

450 Phillip Sired 
Waterloo , Ontario , Canada 
ML 5/2 

Tel: 519-747-2373 or 
800-267-658.3 
Fax: 5/9-747-5284 
E-mail: info@inaplesoft.coin 
umm. maplesofl.com 


conventional work. In addition, optimized 
FORTRAN and C code generation offers the 
easiest way to link modem symbolic model- 
ing techniques to legacy code and solvers. 

Model Solution: Maple V can compute 
exact, closed-form solutions that maintain 


symbolic forms of parameters. You also can 
apply semi-numerical algorithms that are 
approximations of solutions but maintain the 
parameters in variable form. Examples 
include perturbation techniques and 
Galerkin methods for partial differential 
equations. 

Model Optimization: The mathematical 
facilities offers facilities to compute neces- 
sary components of formal optimization 
(e.g., computation of symbolic Jacobians). 
Maple Vs unique interface for interactive 
problem-solving and mathematical visualiza- 
tion provides a convenient environment to 
fully analyze model solutions. 

Application Development: A true pro- 
gramming language streamlined for mathe- 
matical applications supports the above 
facilities. Advanced mathematical applica- 
tions can be programmed in a fraction of the 
time that it would take with other languages. 
You can quickly develop an array of cus- 
tomized tools that can effectively deal with 
difficult model constructs such as non-lin- 
earities or stochastic elements. Consequently, 
Maple V provides an extremely cost-effective 
alternative to expensive simulation and 
design software. 

For more complete discussion on the 
application of Maple V in advanced technical 
modeling, contact Waterloo Maple Inc. and 
request a copy of “Surpassing the Limits of 
Technical Computation.” 
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COMMERCIAL USERS: 
DADiSP 
30-Day License 

STUDENT USERS: 
DADiSP 

Free Student Edition 


GO TO: 

WWW.DADISP.COM 
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General Digital Corporation 
(est. 1973) focuses on the 
design and manufacture of 
ruggedized flat panel display 
computer systems and moni- 
tors for the commercial, indus- 
trial, and COTS marketplaces. 
Applying its knowledge of 
touch input technologies, embedded controllers, and flat 
panel displays, General Digital Corporation has the ability to 
provide its customers with off-the-shelf and custom comput- 
er systems or monitors for a variety of industrial applications. 
Recent advances include flat panel products usable in high 
ambient lighting, including direct sunlight. 

Contact Information: 

General Digital Corp., 198 Freshwater Blvd., Enfield , CT 
06082; E-mail : email@gendig.com 
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The MSXB series Micr- 
ostar Laboratories™ ex- 
ternal™ Boards connect 
to Data Acquisition 
Processor™ boards in- 
stalled in a PC to provide 
important additional fea- 
tures: analog and digital 
expansion, isolation, and termination; simultaneous analog 
sampling; quadrature decoding; and counter/timer functions. 
One variant of MSXB products fits in the MSIE series 
Microstar Laboratories Industrial Enclosures that have their 
own analog and digital backplanes pre-installed. 

Contact Information: 

Send e-mail to: info@mstarlabs.com, visit www.mstarlabs.com, 
or call 1-888 MSTARLABS (888-678-2752). 
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Invention Machine® 
Software system includes 
TechOptimizer™ and 
Invention Machine™ 
Lab™. TechOptimizer is 
a software tool that works 
with engineers to state 
their design problems 
correctly. TechOptimizer helps engineers avoid costly errors 
in the early stages of design and will lead them to higher qual- 
ity solutions. This software demonstrates how engineers 
can simplify their engineering system. IMLab is a problem- 
solving tool that generates new concepts and recommenda- 
tions for resolving engineering challenges. IMLabls three mod- 
ules (IM-Principles™ , IM-Effects™, and IM-Prediction™) 
contain examples from all fields of engineering which allows 
engineers to formulate solutions from outside their area of 
expertise. 
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Data Acq 
Hardware and 
Software 

Dataq Instruments man- 
ufactures hardware and 
software for a variety of 
applications such as 
process monitoring, in-vehicle testing, maintenance and trou- 
bleshooting, and life sciences. We provide a range of products 
consisting of simple plug-in cards to printer port-connected 
systems with built-in, isolated signal conditioning. Our 
WinDaq real time display, recording, and analysis software 
allows our hardware to be used as replacements for tradition- 
al instruments such as chart recorders, oscilloscopes, tape 
recorders, etc. 


Contact Information: 

DATAQ Instruments; 
www.dataq.com 


Tel: 800-553-9006; http:// 
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What are the differences in working with fiberglass, carbon 
fiber, and Kevlar®? What “hidden" defects are common on 
composite parts? What simple lay-up mistake will cause a 
cured carbon fiber panel to warp? Questions like these are 
answered in Abaris Training’s Advanced Composite 
Workshops. Since advanced composite materials can be quite 
expensive, this easily can save a fabrication shop, a repair sta- 
tion, or anyone working with advanced composites many 
times the cost of the training. We give a good technical foun- 
dation in the classroom, and then go to the workshop where 
“hands-on" training is part of every course. We use state-of- 
the-art prepreg fiberglass, carbon fiber, and Kevlar® high- 
temperature materials, as well as honeycomb and foam core 
materials. 

Contact Information: 

Abaris Training Resources, 5401 Longley Ln., Ste. 49, Reno, NV 
89511; Tel: 702-827-6568; Fax: 702-827-6599 
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Data Acquisition 



Precision filters, Inc. 

240 Cherry Street 
Itlwca , NY 14850 
Tel: 607-277-3550 
fax: 607 -277-4466 
f:- ma il: \)fi nfo@pfi nc.com 


PRECISION FILTERS 

r^l CONDITIONERS* SWITCHES* DAT A ACQ U I S ITI 0 N • S YST EM S 
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This integrated data acquisition system features signal conditioning, 
switching, and data conversion. 


A t the time of incorporation 
in 1975, Precision Filters' 
charter was to design and manu- 
facture signal conditioning sys- 
tems. Our product line has since 
evolved by responding to cus- 
tomers' evolving needs: more 
functions, improved perfor- 
mance, and simplified control, 
while decreasing space and cost. 

You will find Precision Filters' 
equipment in use in scientific 
and industrial laboratories, on 
ship-board, and in aircraft 
around the world. We have 
developed acoustic receivers for 
bathymetric systems, utilized fre- 
quency-band translation tech- 
nology for enhanced signal 
analysis, and developed super- 
matched programmable filters 
for magnetic resonance imaging 
applications. 

We now offer integrated high- 
performance signal conditioning, 
switching, data acquisition, and 
data recording “front ends” for 
test and measurement systems 
and actiye control systems. In 
addition, Precision Filters also 
offers a diverse range of board- 
level products and custom signal condition- 
ing products for the OEM market. We have 
recently responded to customer require- 
ments with a family of filters, amplifiers, and 
frequency translators for the VMEbus. The 
high-density cards allow high-channel-count 
signal conditioning systems to be imple- 
mented in a few available VMEbus main- 
frame slots. 

We are always interested in hearing your 
special needs. Chances are we already have a 
system we can customize to your needs with 
standard hardware. We invite you to contact 


Precision Filters and let us put our expertise 
to work creating a custom solution for you. 

Transducer Conditioners 

The Precision 27000A Series is a family of 
universal signal conditioners suitable for use 
as standalone or remote test systems. The 
Precision 2 7000 A can be tailored for high- 
speed transient applications, static applica- 
tions, or a combination of both. Up to 128 
channels in a 7" mainframe. Mix transducer 
conditioners to meet your requirements: 
resistive bridge, voltage (filter/amps), ther- 


mocouple, RTD, potentiometer, 
charge, and current. 

A graphical user interface sim- 
plifies setup and operation. Self- 
test and verification with end-to- 
end calibration is supported. 

Switching Systems 

To help customers manage the 
hundreds, even thousands, of 
channels needed in today's test 
facilities, we introduced the 
Precision Programmable Patch 
system. This system allows sig- 
nals to be connected, changed, 
and verified all in a few minutes. 

The Programmable Patch offers 
computer control for faster, more 
accurate set-ups of complex tests. 
A test subsystem provides go/no- 
go verification and diagnostics, 
allowing problem correction 
before running costly tests. 

Using standard hardware, the 
Programmable Patch is cus- 
tomized to the user's needs. Both 
solid state and reed relay matrix 
systems are available, as are reed 
relay bank switches. 

Data Acquisition 

The Precision 8600 DAServer family of 
Data Acquisition and Recording Systems 
combines high-performance A/D conversion 
and high channel density with integral large 
capacity mass data storage and full network- 
ing capability that complies with industry 
standard networks, protocols, and user 
interfaces. 

Select from a wide range of 12-bit and 16- 
bit A-to-D digitizer modules. System plat- 
forms based on the industry-standard 6U 
VMEbus accommodate up to 512 simultane- 
ously sampled input channels. 
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Communicating through technology 


Products and Applications 

Racal-Heim blends the best of Heim 
technology - superior signal front ends and 
airborne packaging - with the best of Racal 
technology - the high data rate, recording 
duration, and large portable IRIG configu- 
ration of Racal's recorders. 



The Storeplex portable instrumentation 
recorder is a lightweight, modular, digital 
recorder that utilizes S-VHS cassette tapes 
for efficient and reliable data recording. The 
Storeplex recorder features remote control 
operation, up to 64-channel capacity, 96 dB 
dynamic range via 16-bit analog-to-digital 
signal conversion, u^> to 68-Gbit data stor- 
age capacity, and a 2.5-MHz channel. 
Storeplex also features two graphical user 
interfaces (GUIs) for automated remote 
control and rapid tape-to-disk data transfer. 

The Storehorse, which incorporates dou- 
ble-density record and replay heads, is 
designed for use by non-specialists such as 
researchers, development engineers, and 
intelligence gatherers whose primary 


requirement is accurate data collection. 
Storehorse is compatible with both IRIG 
(Interrange Instrument Group) and ISO 
(International Standards Organization) 
standards. 

The Storehorse DD-4 (double-density, 
4 MHz) instrumentation recorder adds 4- 
MHz performance at 120 
in/s and can record up to 
28 channels, providing 
extended data capture for 
applications such as fre- 
quency down conver- 
sion, sonar, and radar 
recording. 

DATaRec A40, A60, A80, 
and A 160 Digital Record- 
ing Systems are analog 
input, 2-64 channel digi- 
tal recording systems, 
which have built-in inter- 
changeable signal condi- 
tioning for microphone, 
charge, strain gauge, and 
ICP transducers. Speed 
and RPM inputs/outputs, 
and SCSI computer out- 
put and control are 
standard. 

DATaRec 
D4 is a 4- 
Mbit/s digital tape recording 
system with five free slots for 
PCM, 4-channel PCM, MIL- 
STD-1553 bus. ARINC 429 
bus, and 8-channel analog 
input/output interfaces, and 
is ruggedized for airborne 
and military vehicle use. 

The DATaRec D12 record- 
er uses DLT technology to 
provide hours of continuous 
recording at a data rate of 12 
Mbit/s. The D 12 can record 
any of a wide range of input 
signal types - senal and PCM 
data, ARINC 429 bus data, 
MIL-STD-1553, and analog - 


thus ensuring compatibility with the widest 
range of signal sources without the need for 
any external electronics. 

Company History 

Racal Recorders, Inc.. Irvine, CA, the 
professional recorder company, is a sub- 
sidiary of The Racal Corporation, based in 
Sunrise, FL. For more than 45 years, Racal 
Recorders has produced advanced, large- 
capacity voice (communications, surveil- 
lance) and data (instrumentation, data 
acquisition) recording systems. 

Racal Recorders markets the complete 
line of instrumentation from Racal-Heim 
GmbH, a new company formed recently 
when U.K.-based Racal Recorders Limited 
acquired Josef Heim KG, Cologne, Ger- 
many, the leading European instrumenta- 
tion recording company. 

The formation of Racal-Heim merged the 
two leading names in instrumentation 
recording worldwide, bnnging together 
compatible lines of instrumentation prod- 
ucts that meet the widest needs for data 
acquisition and recording systems in auto- 
motive, defense, aerospace, and industrial 
applications. 



Racal Recorders Inc. 
15375 Barranca Parkway 
Sle. HI 01 
Irvine , CA 927 18 
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Data Acquisition 



H. Yamaguchi, President 

As we enter the 21st century, vast R&rD 
aimed at improving society and the quality 
of our lives is being conducted in the natu- 
ral sciences, space exploration, automotive, 
and aerospace. Accurate recording and 
recall of the incredible quantities of data 
that support such research efforts constitute 
the basic performance capabilities of the 
digital data recorder. Along with precise 
playback of recorded data, the reliability of 
the device’s ultimate measurement and data 
processing functions is equally critical. 
Stable performance and constant operating 
characteristics are absolute prerequisites in 
this regard. 

Finally, the test of a good product is one 
that feels good to people who are using it. 
User-friendly controls, portability, and pro- 
cessing ease are essential. TEAC is a recog- 
nized leader in product development in this 
field. And we believe that the field of mea- 
suring instruments holds limitless possibili- 
ties for the future. 


TliAC America , Inc. 
7733 Telegraph Road 
Montebello, CA 90640 


TEAC America 

Products and Applications 

From its foundation in 1953, TEAC has 
established an unrivaled position of leader- 
ship in technical innovation, with specific 
expertise in magnetic recording technology. 


tape, Digital Audio Tape (DAT), and FIi8mm 
Video cassette tape. 

Products are available for virtually all con- 
ceivable applications: lightweight, compact 
units; those with long, continuous recording 



Today, TEAC manufactures and sells around 
the world a wide range of magnetic tape and 
optical recording equipment, from measur- 
ing instruments and computer peripherals 
through video and videodisc equipment, to 
professional and general audio components. 

Since developing Japans first instrumen- 
tation data recorder in 1956, TEAC has cre- 
ated a product lineup unrivaled by any other 
single manufacturer, and that uses the full 
range of available media: open-reel tape, 
compact cassette tape, VHS videocassette 


times; and others with a host of special func- 
tions. 

TEAC data acquisition systems already are 
at work in the widest possible range of appli- 
cations. They are used to record shock-vibra- 
tions in the civil engineering and construc- 
tion industries; to record natural phenomena 
in environmental and pollution measure- 
ments; the acquisition of meteorological and 
seismological data, and in physiological 
studies and electromyographic data. 
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Veda Systems 
vy 1 ncorporated 


B ased in California, MD, Veda Systems 
serves industry and government as one 
of the premier manufacturers of hardware 
and software for data acquisition and teleme- 
try applications. From ground vehicle testing 
to controlling the launch of America's latest 
rockets and then guiding their satellites into 
orbit, the company manufactures and inte- 
grates a diverse product line for a wide vari- 
ety of information processing and telecom- 
munications applications. 



OMEGA Software Toolkit 

OMEGA Toolkit is a platform-independent 
software productivity tool that provides a net- 
work-based solution for data-driven process- 
ing, archiving, display, and real-time control 
applications. Engineers and system integra- 
tors can use all or portions of the OMEGA 
Toolkit as a cost-effective, reusable frame- 
work for developing data processing systems. 

OMEGA Toolkit acquires data from a wide 
variety of archived and real-time sources. 

The data acquisition 
engine accepts data 
directly from sensors or 
from PCM streams, 
CCSDS downlinks, and 
high-speed computer 
networks. The product 
includes editors, data- 
bases, and extensive 
libraries of algorithms, 
as well as powerful 
software engines de- 
signed to provide max- 
imum performance on 
multiple computing 
platforms. OMEGA soft- 
ware products are 
available as a total sys- 
tem or as building 
blocks that can be easi- 


Systems applications include: range 
launch control, flight test, production test- 
ing, satellite TT&C, and systems integration. 

Products and Applications 

Veda Systems' products are developed for 
telemetry users by telemetry users with a 
commitment to finding creative solutions to 
real-world challenges, and anticipating cus- 
tomers' needs in a continually evolving 
market. 


ly integrated with specialized software 
meet individual project requirements. 


truly open, highly adaptable hardware con- 
figuration. Hardware is configurable on a 
modular basis, including PCM, 1553, 
AR1NC-429, CCSDS, and NASCOM. 
Capabilities include intelligent multiplexing 
(IMUX), which provides a straightforward 
digital multiplexing front end for advanced 
digital tape recorders or for data transmission 
networks. With the inclusion of IMUX, the 
user can acquire multiple signal types, multi- 
plex them into a single serial stream, and 
format them into a single digital stream for 
transmission and recording. Any or all inputs 
may be selectively directed to multiple digi- 
tal tape recorders or transmitters. 

Board-Level Products 

Customize or enhance existing telemetry 
systems by choosing from Veda Systems' line 
of board-level modules. Modules are avail- 
able with drivers or full systems software, 
and are available in PCI, VME, and ISA ver- 
sions. 

Whether it's fully integrated systems or 
board-level products, Veda Systems provides 
the finest quality engineering and the most 
dependable telemetry systems for existing 
and future data acquisition needs. 


to 


ITAS Series-30 System 

The ITAS Series- 30 System is a fully inte- 
grated hardware and software package for 
your data acquisition requirements. The sys- 
tem features the highly lauded OMEGA soft- 
ware, with its data-driven frame synchro- 
nization, decommutation, EU processing, 
archive, 2- and 3-D display functions in a 



Veda Systems Inc. 

44417 Pecan Court 
California. MD 20619 
Tel: 301-737-1555 
Tax: 3017.371564 
E-mail: sa I cs.vsys@veda .com 
www. vedasystems . com 
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Western Graph tec Inc. 

1 1 Vantlc thill 

Irvine , CA 927/ 8-2067 

Tel: 800-854-8385 

Fax: 714-855-0895 

E-mail: i nst_sales@gmphtecusa 

www'. graph tecusa 


Kunio Minejima, President 

Graphtec Corporation was one of the first 
global instrument companies to establish an 
American subsidiary, Western Graphtec, Inc., 
to be more responsive to American markets. 
We are renowned for our quality of service 
and for the manner in which our marketing 
engineers and software engineers cooperate 
to benefit entire industries. 

Because the massive amounts of remote 
scientific data being collected by customers 
are beginning to exceed the practical file sizes 
for an Ethernet or LAN to transmit, or for a 
PC to archive, screen, and analyze, we are 
concentrating on interrogating the stored 
data and transferring only that which is per- 
tinent. Since only a small portion of data is 
normally useful, why waste time and expense 
to transfer massive files? 

For example, our DMS1000 Data 
Management System, designed and manufac- 
tured in Irvine, CA, can provide the screen- 
ing and analysis functions previously per- 
formed by a PC, while archiving up to 16 
gigabytes of raw data, which is more than 
eight times larger than what a PC can handle. 

We will continue to serve high-technolo- 
gy industries with the most powerful and 
cost-effective data acquisition and diagnos- 
tics systems. 


New Advancements in Data 
Acquisition and Diagnostics 
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W ith microcomputers having changed 
the instrumentation world from one 
that was hardware-driven to one that is soft- 
ware-driven, we live in a new era of software 
solutions in which “it can’t be done” is an 
unacceptable response to most customer 
requests. 


powerful search-and-evaluate routines for 
retrieving and analyzing pertinent data. Total 
cost per channel can be as low as $1000. 

The WR9000 Data Acquisition and 
Diagnostics System introduced in 1996 is a 
portable flatbed design for up to 16 multi- 
input channels. Both systems feature math 
utilities and channel com- 


parison capabilities that 
enable the real-time display 
of virtual channels unavail- 


able by direct measure- 
ment. They also provide 
FFT analysis for any or all 
channels. 


SMART triggering and TTL 
logic interfaces enhance 
diagnostics and control 
capabilities. And their 
Waveform Judgement Func- 
tion enables them to instantly identify out-of- 
tolerance conditions and make GO/NO GO 
decisions for alarms and controls. 


Long a premier supplier of data recorders, 
Graphtec Corporation has taken the lead in 
making chart recorders perform like comput- 
ers - by incorporating storage 
capacity, analytical capabilities, 
and real-time displays, while 
retaining the basic portability and 
ease-of-operation of traditional 
recorders. 


The DMS1000 Data Manage- 
ment System streams data di- 
rectly to internal storage media 
at rates that let it combine up to 
40 channels of static and dynam- 
ic data. Its programmability pro- 
vides sophisticated analyses of 
process, machine, or medical 
variables. And Boolean Search 
software enables users to create 
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Krytox* 

performance lubricants 

DuPont Krytox® Performance Lubricants: 
Offering a Lifetime of Reliability 


D upont Krytox® performance lubricants 
have set the standard for cost-effective 
lifetime lubrication of bearings, gaskets, 
seals, and other small parts for more than 35 



years. Based on DuPont's fluoropolymer 
technology, Krytox® can actually increase a 
component's value by decreasing mainte- 
nance and service costs. 

The History of Krytox*: From 
Space to Almost Every Place 

In 1958, NASA approached DuPont scien- 
tists to create a high-temperature lubricant 
for the space program that was safe, long- 
lasting, nonflammable, and chemically 
inert... and the original Krytox® formulation 
was bom. 

In the early '80s, Krytox® found a large 
niche in the semiconductor industry as a 
lubricant for mechanical pumps used in the 
wafer manufacturing process. A general-pur- 
pose line of Krytox® high-performance lubri- 
cants soon followed, offering longer compo- 
nent life and reliability to the aerospace, auto- 
motive, appliance, chemical processing, cor- 
rugating, and many other industries. 

Krytox* Oils and Greases: the 
Standard for Longer Life 

Krytox® oils and greases feature a winning 
combination of properties that ensure effec- 
tive performance in a wide range of high-tech 
and industrial applications 


Krytox® keeps its lubrication characteris- 
tics for extended periods in temperatures 
ranging from -57 °C (-70 °F) to 343 °C (650 
°F) - a range much broader than other syn- 
thetic lubricants. It also 
maintains good viscosi- 
ty over a wide tempera- 
ture range. 

All Krytox® lubricants 
are nonflammable and 
nonreactive with virtu- 
ally all chemicals. 
Because Krytox® pro- 
vides extra protection 
against aggressive chem- 
icals that degrade con- 
ventional lubricants, it 
is useful in applications that cannot tolerate 
system shutdown or failures. Krytox® is also 
completely resistant to attack by gaseous and 
liquid oxygen. 

Krytox® wets metallic surfaces easily due 
to its low surface tension. It also offers com- 
patibility with all elastomeric materials and 
engineering plastics. 




Q 



Krytox* Dry Rim: a Clean 
Solution for Moving Parts 

DuPont Krytox® dry film can reduce the 
coefficient of friction in a wide range of 
applications to create nonstick surfaces and 
facilitate parts movement. 

In the cable assemblage of a gear-shift indi- 
cator, Krytox® dry film provides moving plas- 
tic surfaces with lubrication and wear protec- 
tion. For the internals of switches, a coating 
of Krytox® dry film permits easy movement 
without attracting dirt. In wire drawing, 
Krytox® dry film coats wire as it is pulled 
through a die, reducing heat 
generated and increasing the 
speed of the pull. A coating of 
Krytox® dry film also provides 
wires with improved stnppabili- 
ty and improved movement 
within wire jackets. 

Krytox® dry film also produces 
a lower coefficient of friction in 
mold release applications, allow- 
ing rubber and plastic parts to 
eject faster and cleaner. 

For more information, call the 
DuPont Krytox* hotline at 1- 
800-424-7502, or visit the 
Performance Lubricants web 
site at http //www. lubricants. 
dupont.com. 


DuPont Specialty C hcinicals 
C hatnhcrs Works, 

Tech l ab D+ 

Riwtc 130, Canal Si. 
Deepmtter, SJ 08023 
Tel: I -800-424-7502 
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John B. Jones, Assistant VP, Inco, Ltd. & 
General Manager, ISPP 

INCO SPP is the Special Nickel Products 
Business Unit operating within Inco Ltd., the 
world’s leading nickel company. This has 
been an exciting year for Inco. The company 
has taken ownership of the high-grade 
Voisey’s Bay mining deposit in Canada, 
described as the mineral find of the century. 
We have strong future plans to produce large 
volumes of metal at potentially the lowest- 
cost source of nickel in the world. This will 
help us continue the development and 
growth of the Special Nickel Products 
Business with our customers, as a fully inte- 
grated supplier. 

At our refineries in North America and 
Europe, we continue to expand our range of 
nickel powders made with different mor- 
phologies and sizes, and all produced with 
ISO 9002 quality. This year, for example, has 
seen considerable growth and investment in 
our new micron-size filamentary nickel pow- 
ders. We also are continuing to find ways in 
which to use the properties of the intermedi- 
ate gases from our major nickel refineries to 
direcdy deposit pure nickel onto new prod- 
ucts such as nickel-coated carbon fibers, 
nickel-coated graphite particles, battery- 
grade nickel foam, and net shape nickel parts. 

We are concentrating our business objec- 
tives to provide full service to our customers 
in rechargeable batteries, advanced electron- 
ics, and automotive parts, and we constandy 
seek new applications where we can, together 
with our customers, develop effective use of 
the unique properties of our nickel products. 


INCO Specialty Pander 
Products 

145 King S tivet West, Ste. 15(H) 
Toronto. Ontario. Canada 
M5H 4B7 
Tel: 416-561 7859 
fax: 416 561 7659 



Products and Applications 

Inco Special Products consists of a wide 
range of high-purity nickel powders from 
our North American and European refiner- 
ies. The nickel all originates from Incogs own 
mines, giving us long-term, integrated sup- 
ply relationships with our customers. 

Incogs unique gas decomposition technol- 
ogy allows the powder shapes and sizes to be 
designed to individual customer applica- 
tions. Fine powders of filamentary, equiaxial, 
spherical, and other shapes can be made. 
The latest addition has been an extra-fine 
micron-size nickel powder, Inco Type 210, 
now in growing use for conductivity addi- 
tives, hard metal binders, and fast-sintering 
thin nickel layers or paints. 


Ill 

i U- * 




INCOFIBER Nickel-Coated Fibers 

The Inco Type 123 equiaxed spiky pow- 
ders have been further improved in quality 
to allow powder metallurgy sintered part 
producers to gain the benefits of the nickel 
addition to their low alloy steel compositions 
with very consistent results from part to part. 

Inco’s filamentary powders, from Type 
255 to Type 287, find applications for sin- 
tered electrodes in rechargeable nickel bat- 
teries and fuel cells, and many diverse elec- 
tronic and filter uses, which make use of 
their shapes, sinterability, and conductivity. 

Inco produces high-purity black nickel 
oxides to electronic ferrite and catalyst spec- 
ifications, and for new uses in lithium ion 
rechargeable batteries. 

The Novamet Company in New Jersey is 
part of Inco’s Special Product Business. It pro- 
duces a range of quality metal flakes and con- 
ductive fillers, including nickel and stainless 
steel for the paint and coatings industries. 


One of the latest additions to our product 
line has been a new range of nickel-coated 
carbon fiber products - INCOFIBER™ in the 
continuous and chopped fiber form, and 
INCOSHIELD™ in the nickel concentrate 
pellet form. The nickel coating is done at an 
Inco refinery by a unique chemical vapor 
deposition that deposits a high-purity nickel 
layer onto the carbon fiber in a very consis- 
tent manner. 



Inco Nickel Powder Type 1 23 

Typically the INCOSHIELD™ nickel con- 
centrate pellets are made to a fiber/resin ratio 
of 60/40 wt%, and a selection of polymers 
can be used; for example, polycarbonate or 
polyamides. 

Applications for these new fibers and con- 
centrates include EMI shielding in plastic 
injection molded parts for the consumer 
electronics and automotive industries, aero- 
space uses such as lightning and de-icing 
protection, and for sporting goods and con- 
ductivity additives in batteries. 

Nickel-coated graphite particles are also 
available for use in conducting gaskets, again 
in consumer electronic parts. New applica- 
tions are also being developed for metal 
matrix composites with aluminum alloys. 

In addition to the described product 
range, INCO SPP is pleased to work cooper- 
atively with customers to develop individual 
specifications and applications that meet 
their needs. INCO SPP is represented 
through sales offices with specialist sales per- 
sonnel in the major geographic markets of 
the world. Research and development in 
support of the INCO SPP product range and 
of new products is done at the Inco 
Corporate Laboratory in Mississauga, 
Ontario, Canada. 
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As a world leader in the manufacture and 
supply of advanced indium-based prod- 
ucts, Arconium has established a well- 
deserved reputation for technical excel- 
lence through formidable research and 
development efforts. These endeavors 
have enabled the company to broaden an 
extensive product line that includes indi- 
um-based solders, salts, oxides, plating chemicals, fusible 
alloys, and sputtering targets. By pursuing the virtually unlim- 
ited applications this element holds, Arconium has been able 
to provide emerging technologies in many diverse industries 
with a single source for all their indium needs. 

Contact Information: 

Arconium, 50 Sims Avenue, Providence, R1 02909; Tel: 401 -456- 
0800 or 800-343-0282; Fax: 401-421-2419; E-mail: arconium@ 
emdcookson.com ; www.arconium.com 
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We Focus on Materials 
... So You Can Focus 
on Results 

Since 1980, when we developed 
zinc infrared transmitting materials 
by the chemical vapor deposition 
method, Morton has remained at 
the forefront of this technology. No 
other company can match our 
experience, production capacity, technical expertise, and ser- 
vice. We do it so well because materials is all we do. Every 
resource is focused on producing the best quality CVD ZINC 
SELENIDE®, CVD ZINC SULFIDE®, and CLEARTRAN®. 
That’s why you can count on our materials for results. 

Contact Information: 

Morton Advanced Materials, 185 New Boston St., Woburn, M A 
01801; Tel: 617-933 9243 or 800-552-2283; Fax: 617-933-5142 ; 
Web site : http://www.mortoncvd.com 
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Your Fabrication Source 
Papers • Films • Foils • Foams • 

Rubber • Adhesive Tapes 

Precision Converting can help you solve your bonding, 
masking, friction control, and EM1/RFI shielding applications 
with close tolerance fabricated materials. Our capabilities 
include: laminating substrates to pressure sensitive adhesives 
(up to 52" wd). Diecutting using steel rule dies, rotary dies, 
and dedicated die sets. We also provide slitting, cut-off, and 
perforation services. 


Contact Information: 

Precision Converting, 1750 S. Los Feliz Dr., Ste. 112, Tempe, 
AZ 85281; Tel: 800-829-0844; Fax: 602-829-0189 
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Space-Age Coatings for 
Metal Parts Resist 
Abrasion & Corrosion 

Magnaplate surface enhancements solve 
even the toughest metal wear and per- 
formance problems. These Magnaplate- 
applied coatings create a harder-than- 
steel, permanently dry-lubricated sur- 
face that resists abrasion, corrosion; also exhibits superior 
mold release. Can be controlled for electrical/thermal conduc- 
tivity. Most meet FDA, USDA, and Agriculture Canada codes 
for food/drug applications. New eight-page Engineering Data 
Guide details hardness, friction, wear, temperature, thickness, 
and other properties, plus applications. 

Contact Information: 

General Magnaplate, Linden, NJ 07036; Tel: 800-852-3301; 
Fax: 9 08-862-6110; E-mail: info@magnaplate.com; Web site: 
http://www. magnaplate.com 
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Shape the Future With 
CVD SILICON CARBIDE* 


WL. 

Chemically vapor deposited beta 

CVD SILICON CARBIDE offers 
high-purity (99.9995%), superior 
chemical resistance, thermal conduc- 
tivity (>300 Wm *IC l ), stiffness and 
polishability (<A RMS). More than a 
coating: CVD SILICON CARBIDE 
fabricated parts are available up to 40" OD and 1" thick. In 
semiconductor processing, optics, wear components, and 
electronic packaging applications, CVD SILICON CARBIDE is 
shaping new ideas. Contact us today with your design 
requirements and together we can shape your future. 

Contact Information: 

Morton Advanced Materials, 185 New Boston St., Woburn, MA 
01801; Tel: 617-933 9243 or 800-552-2283; Fax: 617-933-5142; 
Web site: http://www.mortoncvd.com 
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Reflective System 
Bonding Tape System 

Trim-Lok, Inc., a leader in the plastic 
and rubber extrusion manufacturing 
field, is proud to introduce its 
“Reflective System" and “Bonding 
Tape System." Reflective System, avail- 
able in a vanety of trims, reflects night 
light up to 200% its normal bnght- 
ness, providing an alternative and affordable safety feature. 
Bonding Tape System offers a better way to attach rubber- 
extruded profiles, heat-fusing tape directly to the rubber, pro- 
viding an air- and moisture-tight seal eliminating tape failures 
in applications. 

Contact Information: 

Trim-Lok, Inc., 6855 Hermosa Circle, Buena Park, CA 90622- 
6180; Tel: 714-562 0500 
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TECHNOLOGIES 


Metal Belts That Drive Productivity 


The Company 

Belt Technologies, Inc. (BTI) is an ISO 
9001 registered company that has been 
designing and manufacturing metal belts, 
drive tapes, and related pulleys for over 25 
years. With our sister company. Belt 
Technologies Europe (BTE), we service 
engineers worldwide with state-of-the-art 
products that have stood the test of time in 
the most demanding and diverse applica- 
tions imaginable. 

World leaders in aerospace, telecommuni- 
cations, electronics, imaging, packaging, and 
pharmaceuticals, as well as consumer prod- 
ucts, rely on systems utilizing our products. 
BTI is noted for its rapid, accurate, and reli- 
able manufacturing and attention to cus- 
tomer service. 

Our organization is structured to provide 
design assistance, specialized components, 
and prototypes, in addition to high-volume 
production that may be part of long-term 
blanket contracts. 

The engineering staff at BTI combines 
expertise in metallurgical, mechanical, and 



industrial engineering with years of applica- 
tions experience to help our customers 
achieve optimal performance from their 
metal belt or drive tape-based system. 
Detailed design engineering and drawing 
generation is usually completed by BTI or 
BTE at no charge to the customer. 


Bell Technologies , Inc. 
PO Box 468 
Agawam, MA 01 00 1 
Tel: 413-786 9922 
Tax: 413-789-2786 


Why Belt Technologies’ 
Products are Better 

Metal belts and drive tapes from BTI have 
several unique and important characteristics 
simply not found in other drive components 
including: 

• They are essentially unstretchable 

• They possess extremely high strength- 
to-weight ratios 

• They are accurate and repeatable 

• They require no lubrication 

• They are clean 

• They are thermally and electrically con- 
ductive 

• They operate in hostile environments 

• They are quiet and generate no cordal 
vibration 

Typical dimensions 
range from 0.100” wide 
to 32.0” wide and from 
0.002” thick to 0.030” 
thick. Lengths range 
from 9.0” to hundreds of 
feet. Remember, these are 
only typical dimensions. 

Perforations and 
Coatings 

Metal belts can be 
designed to incorporate 
a broad range of coatings, perforations, or 
attachments in countless combinations. A 
few applications for these belts include nest- 
ed parts conveying, high-speed packaging, 
oriented component transfer, vacuum con- 
veying, indexed assembly and inspection, 
and automated cleanroom transfer lines. 

Drive Tapes 

Frequently, BTI designs and fabricates 
metal strips with end attachments which we 
call “drive tapes.” These drive tapes exhibit 
the same desirable characteristics as our 
metal belts, but are used in very different 
situations. 

Specialized end attachments interface 
with customer-designed hardware, such as 
shafts or carriage assemblies, to transmit 
motion - typically reciprocating - in zero or 
near-zero backlash applications. Some of the 
more common installations of drive tapes can 
be found in high-resolution plotters or in 
imaging equipment of various designs. 

Like metal belts, drive tapes are designed 
and manufactured across a broad range of 
sizes utilizing many high-strength, high- 
quality alloys. 


Precision Pulleys 

A precision metal belt or drive tape cannot 
deliver the accuracy, repeatability, or longevi- 
ty it is capable of providing if it is operating 
on substandard, inadequate pulleys. BTI 
manufactures pulleys to exacting standards 
in order to assure design objectives are 
achieved and system integrity is maintained. 

Pulleys may be smooth-faced, to be used 
as idlers or as driving pulleys in friction drive 
applications, or they may incorporate timing 
teeth or pockets to be used in indexing or 
trimming applications. General designs and 
sizes are as varied as are our metal belts. 

BTI currently has two pulley patents and 
two more are pending. One of the existing 
patents is applicable to our style that uses 



1 l 


precision ball bearings as timing teeth. The 
other patent applies to our “Independently 
Steerable Pulley (ISP).” This ISP allows the 
user to make belt steering adjustments 
directly from the pulley without having to 
adjust the pulley shaft. 

The ISP, for the first time, enables the 
engineer to mount several pulleys on a com- 
mon shaft and steer all independently. The 
ISP also enables the engineer to design into 
the system real-time automatic belt tracking. 

Company Commitment 

Belt Technologies, Inc. has been commit- 
ted to assisting our customers in improving 
their designs by employing metal belt tech- 
nology for over two decades. Metal belts 
and drive tapes from BTI truly do drive 
improvements in productivity in a cost- 
effective, proven fashion. We encourage 
potential new users of this technology to 
contact us for more detailed information 
and design assistance. 
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New Spring-Fast Cushion Grommets Protect 
Fiber Cables From Abrasion 


New Spring-Fast® Cushion 
Grommets from Device Tech- 
nologies, Inc. feature a soft poly- 
mer cushion to protect cables and 
wires from abrasion caused by 
rough edges in sheet metal and 
other materials. 

Originally developed for sen- 
sitive fiber optic cable tele- 
communications applications, 
Spring-Fast Cushion Grommets 
are also ideal for applications 
such as airframe, medical, com- 
puter, and peripheral products. 

UL94V-0 rated, Spring-Fast 
Cushion Grommets are made of 
nylon-coated stainless steel, with a 
soft (90 Shore A) polymer cushion 
to provide maximum protection 
for cables. Durable, strong, and 
flexible, Spring-Fast Cushion 
Grommets conform to any two- 
axis contour. 

One-Step Installation 

These new cushion grommets 
offer easy, one-step installation, as 



the grommet edging snaps into place 
in seconds. Unique spring gripping 
fingers hold fast. Unlike other grom- 
mets, Spring-Fast Cushion Grom- 
mets require no adhesives, thereby 
saving time, labor, and adhesive 
costs, and ensuring a lower installed 
cost. In addition, eliminating adhe- 
sives and/or degreasing solvents 
addresses environmental concerns 
with toxins and/or VOCs. 

A Variety of Sizes 

New Spring-Fast Cushion Grom- 
mets are offered in several sizes for 
sheet thicknesses ranging from 
0.025" (0.6 mm) to 0.250” (6.44 
mm). The grommets are available in 
economical factory pre-cut lengths, 
in kits, and in 25-foot and 100-foot 
reels. Colors are available on spe- 
cial order. 

Device Technologies, Inc. designs 
and manufactures a complete line of 
Spring-Fast® composite grommet 
edging. Call to request a free sample 
or for more information. 


Device Technologies , Inc, 

.3 Brilliant Street 
Marlborough , MA 01752-3140 
Tel: 800-669-9682 or 
508-229-2000 
Fax: 508- 229-2622 


Circle No. 887 On Fax Form 


NASA Tech Briefs Hot Technology File 


33H 


Mechanical Components 




Mechanical Components 




J 


Our mission is to be the best supplier, 
worldwide, of the highest-quality fluid sys- 
tem components, readily available to indus- 
try and supported by service that is techni- 
cally sound, customer-driven, and of the 
highest quality. 

The proven designs of our products 
assure maximum reliability in process and 
production, instrumentation, new construc- 
tion, research and development, hydraulics, 
and pneumatics. We manufacture our prod- 
ucts from a broad range of metals and plas- 
tics. Such versatility permits them to be 
used in applications involving high or low 
pressures or vacuum, at high or low tem- 
peratures. 

Availability, reliability, and versatility 
come with every product you buy from the 
Swagelok companies. 


The Swagelok Companies 
Solon. OH 44/ 59 



SWAGELOK 

companies 


Unique Whitey Valves 
Improve Sampling Systems 

The new T2 Series, a unique collection of 
pneumatically actuated valves for liquid or 
gas sampling systems, is now available from 
Whitey Co., one of the Swagelok companies. 
A variety of configurations is available to 
meet diverse sampling needs for on-line 
process analyzers. 

There are five basic groups within the T2 
Series designed to address different customer 
needs: sample stream select network valves, 
process gas chromatograph network valves, 
continuous emissions monitoring system 
valves, shut-off valves, and three-way valves. 
Variations within the basic groups are available 
to meet even more specific application needs. 


Each member of the T2 Series contains 
elements that improve existing sample sys- 
tem design, performance, and reliability. The 
valves are compact to reduce 
housing and enclosure costs. They 
feature low or no dead volumes, 
which permits quick and econom- 
ical purging. Built-in pneumatic 
actuators reduce sample system 
costs, while the variety of available 
end connections provides system 
versatility. 

The valves feature live-loaded 
seals and a leak detection port to 
detect or capture fugitive emis- 
sions. These features also work in 
combination to prevent the actua- 
tion media from mixing with the 
system media. 

Standard 316 stainless steel wetted com- 
ponents provide superior corrosion resistance 
to most system fluids. An all-stainless-steel 
actuator and valve assembly maintains system 


integrity. The valves withstand temperatures 
ranging from 0°F to 300°F (-15°C to 150°C) 
and pressures up to 300 psig (21 bar). 

Fittings Make Global 
Connections 

Swagelok® Tube Fittings make it easy to 
join metric tubing to fractional tubing or 
pipe. The wide range of available configura- 
tions offers solutions to most connection 
problems and avoids expensive remachining 
or backwelding. 

Swagelok tube fittings connect: 

• metric tubing to fractional tubing 

• metric tubing to fractional pipe 

• metric and fractional tubing to 
ISO/BSP parallel or tapered pipe ports 

• metric tubing to NPT 
pipe ports 

• metric tubing to frac- 
tional pipe weld ports 

Configurations include 
male connectors, bulkhead 
male connectors, male 90° 
elbows, positionable male 
90° elbows, male branch 
tees, female run tees, 
female connectors, unions, 
male pipe weld connec- 
tors, reducers, and male 
and female tube adapters. 
Materials are 316 stain- 
less steel, carbon steel, brass, and special 
alloys. Sizes are 1/16” to 2” and 2 mm to 38 
mm. Applications include fluid power, 


instrumentation, process, lubrication, sam- 
pling, air, steam, and water systems. 
Swagelok tube fittings are available world- 
wide from local stocks. 
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WM. Berg, Inc., manu- 
facturers of precision 
mechanical components, 
is known worldwide for 
quality, reliability, and 
service. Our non-metric catalog contains more than 60,000 
standard line items and our metric catalog more than 30,000 
items including gears, chain and belt drives, gear assemblies, 
linear components, couplings and clutches, bearings, fasten- 
ers, shafts, and shaft hardware. Our experienced engineering 
staff is trained to work directly with designers and engineers 
in the design, development, and fabrication of custom parts. 


Contact Information: 

WM. Berg , Inc.; Tel: 800-232-BERG; Fax: 800-455-BERG 
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Better, Smaller, 
CSF Harmonic 
Drive Gearing 

HD Systems uses their 
patented ‘S’ tooth to pro- 
duce a harmonic drive 
gear that is nearly 50% 
smaller, yet provides 
twice the torque capacity, life, and torsional stiffness when 
compared to conventional harmonic drive gears. The CSF 
Series accomplishes this while maintaining zero backlash. A 
complete range of sizes and ratios are available with continu- 
ous torque ratings ranging from 6 to 2618 ft-lbs. 


Contact Information: 

HD Systems; Tel: 800-231-HDSI; Fax : 516-231-6803. 
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Series 1 and 2 
Teflon Solenoid 
Valves 

General Valve’s Teflon® 
solenoid valves feature low 
internal volumes, fast 
response times, and high 
cycle life. General Valve 
stands apart from the competition with coils rated for contin- 
uous duty, 100% testing, and bodies made from virgin com- 
pression molded PTFE. Valves are available in a variety of ori- 
fice sizes, voltages, and port connections. 

Contact Information: 

Parker Hannifin Corp., General Valve Division, 19 Gloria 
Lane, PO Box 1333, Fairfield, NJ 07007; Tel: 800-GVC-VALV 
(800-482-8258); Fax: 800-GVC-1FAX (800-482-1329); E-mail : 
gvc@genvalve.com 
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Aerospace Sealing 
y m. y jh Systems 

For more than 40 years, 
Busak+Shamban sealing systems 
have been the leading choice for 
high performance, quality, and 
cost-effectiveness. Actively in- 
volved in commercial and 
defense applications since the 
beginning of the aerospace industry, our seals can be found on 
most aircraft hydraulic systems, including flight control and 
utility actuators, accumulators, braking systems, and landing 
gear. With technical support all over the world, we can pro- 
vide you with a total solution, consistent with all internation- 
al accreditation and certification standards. 

Contact Information: 

Busak+Shamban Seals Division; Tel: 800-767-3257 
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Continuous Hinges 

Application and selection criteria for 
continuous hinges of virtually any 
type are defined in a 16-page catalog. 
It includes an instructive section on 
hinge terminology, data on secondary 
and finishing options, dimensional 
drawings, specs and tolerances, stan- 
dard sizes with metric conversions, 
and estimated shipping weights. The hinges are available in 
almost any length, width, and finish. 


y 


Contact Information: 

Stocker Hinge. Box 149, Brookfield. 1L 60513; Tel: 800-631- 
2600 or 708-485-3400 ; Fax: 708-485-0058; Web rile: 
http://www.stocker.com 
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Electroid Company 

Ever since its founding in 1949, Electroid Company has spe- 
cialized in electromagnetic devices for rotary motion control, 
including clutches, brakes, clutch/brake modules, permanent 
magnet devices, magnetic particle devices, power supplies, 
and tension control components. Wfe are recognized by the 
most demanding industrial, commercial, and military/aero- 
space specifiers as being dedicated to excellence in both prod- 
uct and service. Custom design is Electrons specialty. We 
conform to MIL specs, including MIL-Q-9858 and MIL-I- 
45208 and supply superior motion control products based on 
innovative engineering, well-tuned manufacturing, and 
uncompromising quality control. 

Contact Information: 

Electroid Co., Div. Of Valcor Engineering 45 Fadem Rd., 
Springfield, NJ 07081; Tel: 201-467-8100; Fax: 201-467-5656 
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Motion Control 


Custom Servo Motors Inc. Provides High- 
Performance Motion Control Solutions 


T he performance of machinery and 
equipment is defined by the power of 
the motor driving the equipment. And 
today, OEMs are demanding higher and 
higher performance when designing equip- 
ment. High-performance motors can be 
evaluated by three key requirements: 
torque to volume, torque to inertia, and 
torque per dollar. 

Custom Servo Motors Inc., New Ulm, MN, 
a subsidiary of MTS Systems Corporation, 
provides OEMs with MaxPlus™ Series servo 
motors that feature more torque to volume, 
more torque to inertia, and more torque per- 
dollar than competitive servo motors available 
in today's market. Using Delco Remy's Magne- 
quench® MQ3 magnet material enables Cus- 
tom Servo Motors' 

MaxPlus family servo 
motors to generate 
more torque in less 
space. As proof. 

Custom Servo Motors' 

2 -inch servo motor 
provides 10 in.-lbs. of 
continuous torque with 4 lbs. of mass. Its 12- 
inch servo motors, the largest size it offers, 
provide up to 3,600 in.-lbs. of continuous 
torque with 590 lbs. of mass. 

The MaxPlus 2 -inch servo motor goes 
from a full stop to 3,000 rpm and back 
down to a full stop in 12.5 milliseconds, 
demonstrating more torque to inertia than 
competitive servo motors. The exclusive 
design of the entire servo motor line pro- 
vides machinery OEMs with more torque 
per dollar that they spend. 

Patented Multiple Wound 
Servo Motor Package 

The patented MaxPlus spindle motor pack- 
age delivers high torque at low speeds without 
the cost and bulk normally associated with 
conventional motors and gear boxes. It also 


Custom Servo Motors Inc. 
A Subsidiary of MTS 
Systems Coqwrat ion 
2121 Bridge Street 
Nov Ulm , MIS 56073 
Tel: 507 354-1616 or 
l -800-967- 1 785 
l ax: 507-354-161 1 



operates equally smoothly at high speeds with- 
out generating excessive heat. The new servo 
design uses three motor windings: a Y-shaped 
series configuration, a Y-shaped parallel config- 
uration, and a “Delta configuration." By 
employing multiple windings to create an 
“electronic transmission,” the new motor oper- 
ates at a constant horsepower regardless of 
speed. With this patented design, the motor 
can achieve torque rating of 250, 550, and 
1000 in.-lbs. when operating off any single 
winding. 

MaxPlus Amplifiers 

In addition to offering OEMs powerful 
servo motors, Custom Servo Motors Inc. pro- 
vides a full line of matching amplifiers 
designed to be used 
interchangeably with 
all its motors. With 
this unique capability, 
customers get a truly 
optimized package to 
meet their demanding 
and specialized needs. 

A new line of high-performance config- 
urable amplifiers, the MaxPlus multiaxis drive 
offers machining OEMs efficient X-Y-Z axis 
control. The modular drive features a common 
power supply, reducing AC wiring to a single 
connection. Unlike most drives of this type, 
heat sinks or fans are not required to pro- 
duce desired performance and brush 
or brushless tacs yield low speed 
smoothness. And the modular 
architecture gives Custom 
Servo Motors Inc. the ability to 
quickly adapt the product to 
meet special OEM needs. By 
separating the front-end func- 
tions from the fixed power stages, 
the engineering staff can easily cus- 
tomize the product to maximize the per- 
formance of the particular machine. 

High-Performance Motion 
Controllers 

The MotionPlus™ Series of motion con- 
trollers provides the OEM with a full range of 
motion control solutions including state-of- 
the-art motion control solutions for increas- 
ing productivity and production flexibility. 
An assortment of standalone controllers is 
available to meet a variety of capabilities, 
including cyclical functions such as rotary 




knife, index, and flying shear cycles. Digital 
controllers are available with one to 28 axes 
of control, depending on an application's 
sophistication. 

For applications where motion require- 
ments are simple and space is limited, 
Custom Servo Motors offers its MaxPlus 
Digital Signal Processor, a DC servo amplifi- 
er with a built-in, DSP-based, one- or two- 
axis controller. It is a fast, compact, and eco- 
nomical digital controller that is built into 
the servo amplifier and is capable of running 
either as a host-based system or as a stand- 
alone unit. 

Both the MotionPlus digital controllers 
and MaxPlus Digital Signal Processor are 
designed for panel mounting on new, as 
well as retrofit, machinery. 

Custom Servo Motors' 
turnkey solutions combine its 
powerful servo motors with 
a full line of amplifiers 
j and motion controllers to 
provide the speed to increase 
productivity and the flexibility 
to implement fast product 
changeovers. 

In addition to its standard products, 
Custom Servo Motors specializes in provid- 
ing its customers with unique, specialized 
products in short turnaround times. The 
company's experienced application engineers 
design servo systems to meet specific cus- 
tomer performance, size, and durability 
requirements. 


MaxPlus™ is a trademark of Custom Servo Motors Inc 
MotionPlus™ is a trademark of Custom Servo Motors Inc. 
Magnequench® is a registered trademark of Delco Remy 
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Litton 

Poly-Scientific 


Truly Innovative Rotary Motion 
and Control Capabilities From 
Litton 

Litton Poly-Scientific designs and manu- 
factures slip rings, Clifton Precision® motors, 
resolvers, and higher order assemblies, 
which can include drive and control elec- 
tronics. Our extensive in-house engineering 
expertise allows us to design and produce 
“one-of-a-kind" custom products as well as 
volume -driven, extremely cost-sensitive 
standard products. 

New Line of Brushless DC 
Motors from Litton 

Our new BN23 brushless motor is 
designed for applications where low noise 
and long life are prime considerations, such 
as medical equipment, data storage equip- 
ment, and robotics. But applications for the 
BN 2 3 are endless - material handling, 
pumps, blowers, textile and packaging equip- 
ment, and many more. Particularly well-suit- 
ed to large-volume OEM requirements, the 
BN23 is also available in small quantities. 

Call us with your motor design require- 
ments (envelope size, torque, speed, and 
operating voltage usually suffice) and we can 
provide a computer model of your motor. 




optimized to match your application - usual- 
ly in one or two working days. We can fax 
the model to you or download to your com- 
puter. This free service speeds prototyping 
and slashes manufacturing cycle times. 


Litton Poly -Scientific 
1213 Soil It Main Street 
Rlachsbur g. VA 24060-3100 
Tel: 800-336-21 12 or 
540-953-4751 
Tax: 540-953-1841 
E-mail: nisg@litton-ps.coM 
wmv. I it ton- ps. com 


Features: 

• 2.25" diameter 

• Lengths from 1.3" to 2.8" 

• Continuous torques from 7.5 to 56 oz-in 

• Speeds up to 20,000 rpm 

• Standard options include gearheads, 
resolvers, encoders, and electronic drivers 

• Available soon in 34 and 42 sizes 

The Clifton Precision® line of motors 
includes light-duty brush, brushless, cube, 
and torque models. 

Commercial Slip Ring Line 
Keeps Growing 

Slip rings provide unrestrained, continu- 
ous rotation while transmitting power and/or 
data from a stationary to a 
rotating structure in any elec- 
tro-mechanical system. Slip 
rings are often an excellent 
solution to a tricky design 
problem. Litton's growing line 
of commercial slip rings now 
includes separates, high- 
speed, miniature, and 3/8” 
through-bore models. The 
capsule described below is 
one of our most popular, and 
available for quick delivery. 


Slip Ring Capsule 
With Through-Bore 
AC4598/AC4831 

The 1-1/2" unobstructed 
bore through the center 
allows for routing space for 
hydraulics, pneumatics, or 
for a concentric shaft mount. 

Features: 

• 1-1/2" through-bore 

• 6, 12, 18, or 24 two- 
amp/210 VDC circuits 

• 5 A and 10A circuit 
models 


• Continuous 360° rota- 
tion of power or data 
signals 

• Maintenance-free (no 
lubrication required) 

• Rugged, high-impact 
thermoplastic shaft, 

« frame, standard bear- 
ing, and cover 
• Optional steel bearings 
and splash seals are 
available on special 
order 

• Speeds up to 250 rpm continuous 
• Collar mounting is standard with 
flange mount optional 
• One-week delivery 
Consider for: machining centers, rotary 
index tables, heavy equipment turrets or 
cable reels, test equipment, packaging 
machines, palletizing machines, robotics, 
process equipment, and rotary sensors. 

Commercial Brushless 
Resolvers 

Litton’s brushless resolvers provide low 
friction levels and eliminate sparking and 
arcing. Their rugged design delivers reliable 
performance in the toughest, vibration-prone 
industrial and instrument environments. 
Features: 

• Sizes 11, 15, 21, 22, up to size 42 
• Single speed and multispeed 
• Different speeds, accuracies, and fre- 
quency ranges available 
Consider for: brushless DC servo com- 
mutation, position, and velocity feedback; 
robotics and factory automation; machine 
tools; medical instrumentation; and packag- 
ing equipment, among others. 

When it has to turn, turn to Litton. 
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Ml SIAM Instruments , Inc. 
r.O. Box 1 1 78 

Portsmouth , Mil 0.1802-1 178 
Tel: 800-4SESLAB or 800- 
258-0830 
l ax: 003-436 841 1 
E-mail : 

N l S I A B@f ifesci en ces . n m\ 
wmxs. ncslahinc. ami . 


NESLAB: A Global Leader 


pumps provide flows of up to 60 psi. NES- 
LAB Recirculating Chillers are designed 
with oversized hermetically sealed refriger- 
ation compressors for steady cooling and 
trouble-free, 24-hour-a-day operation. 
These chillers provide heat load removal up 
to 75 kilowatts spanning temperature 
ranges from +5*C to +35*C. Each cooling 
system can be ordered with temperature 
control options, pump options, and an 
extensive list of customizing options. 
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N ESLAB Instruments has been serving 
the temperature control industry for 
more than 30 years. NESLAB owns the 16- 
acre site in New Hampshire in which it oper- 
ates. The facility is comprised of 180,000 
square feet. NESLAB offers itself as a fully 
integrated manufacturer operating sheet 
metal, painting, and assembly departments 
in order to meet the flexibility required of 
small batch runs, short lead times, and sub- 
stantial single custom designs. 

NESLAB's end users are extremely varied 
by discipline and application, and operate in 
a large number of niche markets. However, 
as an overview, NESLAB's business is related 
to high-tech instrumentation, including 
lasers, medical equipment, and research 
apparatus. 


Innovative 

Recirculating 

Chillers 

The HX series of 
Recirculating Chillers fea- 
ture our innovative hinged 
design, which allows easy 
access to internal compo- 
nents, including reservoir 
fill cover. Industrial-grade 


NESLAB is the leader in its markets from a 
technology and installed base standpoint. In 
addition, NESLAB is the only truly global 
supplier of constant-temperature equipment 
capable of supporting its customers through- 
out the world. 


The Constant Temperature 
Solution 


NESLAB has solved thousands of cooling 
and temperature control problems with our 
wide range of recirculating chillers and 
refrigerated circulators. Years of successful 
relationships with our end users and OEM 
customers have made us a first choice 
among manufacturers using temperature 
control in conjunction with their processes. 
We supply cooling equipment to more than 
70 major manufacturers of lasers for the ana- 
lytical, medical, and indus- 
trial markets. 


NESLAB also designs and 
manufactures high-quality 
recirculating chillers for 
cooling optics, photonics, 
and imaging equipment. 
NESLAB's staff of design 
and applications engineers 
can work closely with cus- 
tomers to design and manu- 
facture equipment that will 
suit their needs. 


38H 


NASA Tech Briefs Hot Technology File 







Nazir Mulji, President 


When we created Xantrex over a decade 
ago, we knew we had the people and the 
skills to compete with the best. Our goal was 
to be an industry leader. Today, we are in the 
forefront internationally. The reasons are: our 
innovative design, our policy of working 
closely with customers, prompt delivery of 
all products, and very competitive pricing. 
We guarantee satisfaction, from your first 
phone call, on through to after-purchase sup- 
port. Ask anyone who has dealt with us. 

We have developed several product series 
ranging from 60W to 2800W. We also cus- 
tom-design solutions for specific applica- 
tions. So what you require might not be 
shown or described, but it may be only a 
phone call away. 


Xantrex 

W7.1 \iipo it Wav 
Bellingham , \VA 98227 9754 
Tel: 360 - 671-2966 or 
800 667-8422 
Tax: 360-671 3095 
I -mail : xa »i f rexd&xa n i rex .ram 
\%mm. xantrex. mm 


Xantrex 


Products and Applications 

Xantrex is a world-class designer and 
manufacturer of programmable DC power 
supplies for North America and internation- 
al markets. Our products range from 60W to 
2800W with voltage range from 0-600V and 
current range from 0-350A. All of our sup- 
plies are available with optional internal 
interfaces - IEEE-488 and RS232 - and are 
backed by a five-year warranty. 

Our newest product is the XFR series, 
which is available in 1.2kW and 2.8kW 
power levels. The modular design of the 
supply is based on a common main board 
that is the same across two power levels and 
all voltage ranges. Small 
cards plug into the main 
board to tailor each unit’s 
operating characteristics. 

What this means for you is 
faster delivery times and 
high performance at a 
lower cost. 

The XFR Series caters to 
the application needs of electroplating, 
process control, magnet control, computer- 
controlled component bum-in, and other 
high-powered requirements. 

Important characteristics of the XFR 
Series are: 

• soft start operation limiting in-rush cur- 
rent on power-up 

• lower losses in power and higher effi- 
ciency 

• quiet operation 

• multiple fans to maintain cooling and 
speed-controlled for long life 

• analog programming as a standard feature 


• multiple-level shut-down for safe opera- 
tion 

Our key strengths as a power supply man- 
ufacturer are our ability to quickly modify 
standard products to meet a variety of differ- 
ent requirements, and our fast delivery time. 

Company History 

Xantrex was founded in 1983 with the 
acquisition of the power supply division of 
Anatek Electronics. The Xantrex founders 
took the finest aspects of that company and 
combined them with unique business and 
engineering concepts. 

From designing and building standard 


product, the business expanded to include 
customized solutions for clients at home and 
abroad. By dominating the Canadian market 
and simultaneously branching out to the 
U.S., European, and Asian markets, Xantrex 
has grown from 40 employees in 1994 to 
over 100 in 1996. Year after year, Xantrex 
has built up a solid global reputation through 
strategic marketing and other key relation- 
ships. Our targeted success in the research 
and development market has allowed us to 
out-perform competitors by introducing the 
right products at the right time. And we’re 
expanding our line of products all the time. 




Xantrex main office in Burnaby, BC, Canada 
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New Thermoelectric 
Products for 
Electro-Optic 
Cooling 

Melcor, the world’s leading 
manufacturer of thermoelec- 
tric cooling products, intro- 
duces the OptoTEC™ series of thermoelectric products and 
services. OptoTEC is designed specifically for electro-optic 
applications such as cooling and stabilizing of laser diodes, IR 
detectors, and CCDs. The line consists of single and multi- 
stage standard modules along with high-temperature (to 
+200°C), telecom grade and custom packaging, assembly 
options, and an all-new high-performance material. 

Contact Information: 

Melcor, 1040 Spruce St., Trenton, NJ 08648; Tel: 609-393 - 
4178; Fax: 609-393-9461 
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Welker Bearing Company, Troy, 
MI, has been a manufacturer of 
bronze and lubrication-free bear- 
ings for over 70 years. Welker has 
expanded its product line to 
include maintenance- free linear 
slides and cylinder driven shot pin 
assemblies. Welker recently has 
introduced a patented compact 
pneumatic lifter that is mainte- 
nance-free and symmetrically 
reversible. The new lifter is 
extremely rigid in the extended position with high repeatabil- 
ity. Lifter available with redundant brake. 

Contact Information: 

Welker Bearing Co.; Tel: 800-229-0890 
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ZERO Enclosures: 
The Complete 
Source 

Cases, containers, enclo- 
sures, covers, and housings - 
whether you need a round, 
square, or rectangular enclo- 
sure or a case to carry or ship 
your sensitive equipment, 
know that ZERO Enclosures 
is the best source in the 
industry to meet your needs. Our products range from high- 
ly specialized, engineered cases to over 100,000 pre-tooled 
sizes of deep drawn enclosures. 

Contact Information: 

ZERO Enclosures; Tel: 800-545-1034 for a complete catalog 
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Testing Equipment 

ATS manufactures a wide variety of 
testing equipment for your testing 
needs. Our standard ovens and fur- 
naces can be custom-made for spe- 
cial testing, laboratory, and industri- 
al processes. Oven temperatures 
reach 800°F (425°C), and furnace 
temperatures reach 3100°F 
(1700°C). Cooling accessories, temperature controllers, 
retorts, mounting brackets, and other accessory items also are 
available. Nondestructive testing equipment (ultrasonic refer- 
ence blocks and EDM notches) are made according to speci- 
fications. Creep testing systems, universal testing machines, 
and accessories also are available. 

Contact Information: 

Applied Test Systems, 348 New Castle Rd., Butler, PA 16001; 
Tel: 412-283-1212; Fax: 412-283-6570 
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Pocket-size Non-Contact Pyro- 
meter with Laser Sighting is ideal 
for applications such as refriger- 
ation, transportation, storage, 
electronics, and power facilities. 
Measurement range of -20 to 
300°C or equal in Fahrenheit, 
laser sighting for measuring spot, 
automatic backlit LCD and auto- 
matic power-off, minimum or 
maximum temperature display and emissivity adjustable. 

Contact Information: 

CHINO Works America, Victoria Business Park, 18005 South 
Savarona Way, Carson, CA 90746; Tel : 213-321-3943 or 
888-321-9118; Fax: 310-532-7195; E-mail: 2037900 @ 
MC1MAIL.COM 
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— Located in Grove City, PA, 

H MB J|Mg^H SATEC Systems designs. 

manufactures, and deliv- 
ers high-quality materials- 
testing hardware and soft- 
ware equipment, service, 
and training to industrial, 
commercial, and institutional customers around the world. 
Tracing its roots to the legendary Baldwin universal testers, 
SATEC focuses on responding to its customers through its 
international force of highly trained sales, service, and techni- 
cal personnel. 

Contact Information: 

Chris Schmitt, Director of Mktg., SATEC Materials Testing 
Equipment, 900 Liberty St., Grove City, PA 16127-9005; Tel: 800- 
373-4877; E-mail: satec@nauticom.net; Web site: http:// 
www.satec.com/www/satec 
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Nieolet 


TECHNOLOGIES 

Products and Applications 

For more than 30 years, Nieolet has spe- 
cialized in high-precision measurements for 
the physical, mechanical, and electrical mar- 
ketplaces. Our broad range of high-quality 
equipment and software is supported by many 
years of application experience in all these sec- 
tors. The following is an overview of our cur- 
rent products. For more information, please 
request a product brochure or visit our World 
Wide Web site at www.test.nicolet.com. 

Transient Recorders 

Nieolet is the world leader in transient 
recorders, offering a full line of card modular 
solutions. 

• The Multi Pro, a flexible, multi-channel 
solution featuring DSO-on-a-card perfor- 
mance 

• The 2580P, which combines up to 24 
channels of transient acquisition in a single 
portable package 

• The BE256, offering unparalleled filtering 
and channel memory capability 

Continuous Recording 
Products 

For monitoring and recording complex 
events over long time periods, Nieolet fea- 
tures two highly configurable product lines. 

• For remote applications and data logging, 
the compact, rugged MicroPro offers un- 
matched channel density 

• The new Nieolet Odyssey offers the first 
true replacement for traditional chart and 
tape recorders with real-time scrolling dis- 
play and a full range of signal conditioning 


Sicolel let hnologics 
5225-4 Verona Kd. 
Madison, WJ 5571 1 
Tel: 608-276-5600 


L 


Power and Isolation Products 

Our specialty products for electrical labs 
include: 

• A full range of high-voltage isolation 
devices 

• The PowerPro Oscilloscope, the world’s 
first high-precision oscilloscope designed 
for high-voltage applications 

• A variety of specialized products for con- 
trol and analysis of high-voltage and high- 
power test applications 

High-Accuracy Oscilloscopes 

The Nieolet Pro Series of oscilloscopes 
offers world class accuracy in two- and four- 
channel configurations including the Pro 90 
and 92, the world's only oscilloscopes offer- 
ing two independent sample rates for mixed 
speed acquisition. Other models include: 

• 12-bit models from 1 MS/s to 20 MS/s 

• 14 -bit, 5 MS/s oscilloscopes 

• 8-bit, 200 MS/s oscilloscopes 

Software 

Software functionality is quickly becom- 
ing the critical path to improved productivi- 
ty. Nieolet specializes in control and analysis 
software to take you from sensor to report. 

• ProView software puts unparalleled con- 
trol, analysis, and custom report generation 
in a simple integrated package 

• TeamPro software enables test automation 
for repetitive or production test applica- 
tions. In addition, a wide variety of third 
party software packages are supported. 


Company History 

Nieolet has been a technology leader for 
more than 30 years. A few highlights of our 
early history include: 

1965 - Fabri-Tek Instruments is formed in 
Madison, Wl, its first product a digi- 
tal signal averager. 

1971 - The company goes public as Nieolet 

Instrument Corporation, named after 
French explorer Jean Nieolet, who 
first explored Wisconsin in 1634. 

1972 - Nieolet introduces the world's first 

digital oscilloscope. Its original core 
memory soon gives way to 256-bit 
semiconductor memory. 

1975 - First floppy disk drive and GPIB 
interface in an oscilloscope. 

1983 - First portable digital scope. 

1988 - First Microsoft® Windows®-based 

transient recorder. 

1989 - Digital scopes become increasingly 

sophisticated: memory expands to 
256K per channel, with removable 
hard disk and resident BASIC lan- 
guage. 

1994 - The test and measurement group of 

Nieolet, renamed Nieolet Techno- 
logies, becomes a part of Thermo- 
Spectra Corporation, a subsidiary of 
Thermo Instrument Systems. 

1995 - The innovative new MicroPro offers 

transient recorder performance in a 
data logger size. 

1996 - New Odyssey data acquisition system 

is introduced with memory up to 
200MW per channel and a DSP per 
channel. 
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About the Company 

Since 1990, Spatial Positioning Systems, 
Inc. has been developing and manufactur- 
ing position measurement systems and 
applications software to service a wide range 
of industries. Through its patented and rev- 
olutionary laser-based technology, which 
instantly determines the 3D position of a 
desired point, increased productivity, high 
quality, and improved safety are achieved 
for numerous measurement applications. 

Validated and tested with several years' 
support from a consortium whose members 
included Bechtel, Amoco, DuPont, 
Motorola, Army Corps of Engineers, 
Virginia Tech, and the Civil Engineering 
Research Foundation, the technology is 
ready to meet demanding applications. 

Applications of Spatial Positioning's tech- 
nology include surveying, site positioning 
and layout, equipment control, robotics, 
factory automation, large-scale assembly, 
digital modeling, alignment, inspection, 
surgery, hazardous waste mapping, space 
docking, instant CAD modeling, and virtual 
reality. These applications cover a broad 
range of industries, including construction, 
automotive manufacturing, shipbuilding, 
aerospace, movie production, medical 
equipment, and defense. 

In addition to its off-the-shelf products, 
the company will also provide unique sys- 
tems designed for special requirements, OEM 
systems for corporate added-value develop- 
ment, technology licensing for specialty mar- 
kets, and specialized R6zD under contract. 
Spatial Positioning welcomes organizations 
interested in discussing strategic ventures, 
software development, international market- 
ing, and licensing opportunities. 


S/Hitial Positioning Systems, Inc. 
12007 Sunrise Valin Di:, tt 2 00 
Rest on. \A 201 9/ -.3406 
Tel: 703-648-9400 or 
800-340-6388 
Tax: 703-648-9422 
E-wail: spsi I (@ aol.com 
httpJ/mcmbersMol.a rw/sps i I 



The Only Way to Measure 
in 3D: Odyssey m 

From the builders of the Great Pyramids 
to the constructors of modem power plants, 
civilizations have long needed to locate and 
measure precise points within a frame of ref- 
erence. From ancient string measures to 
modem optical instruments, no tool has 
been able to provide a highly accurate and 
instantaneous three-dimensional position at 
the point being measured. With such a 
tool, worldwide industries would become 
more efficient and productive. Today, this 
tool exists. 

Odyssey... A Breakthrough in 
3D Position Measurement 

Odyssey is the world's first position mea- 
surement system that provides instanta- 
neous, three-dimensional position informa- 
tion at the point being measured with mil- 
limeter-level accuracy. Our patented system 
of stationary laser transmitters and mobile 
optical receivers provides bottom-line cost 
savings both indoors and out. One or many 
simultaneous users, each with a mobile 
receiver, can move freely and quickly about 
the site gathering data: no pointing and 




Laser transmitters work both indoors and out, and operate in 
difficult environments such as fog, rain, dust, or darkness. 


A portable receiver package consists of a belt 
pack and either an outdoor pole or indoor 
wand. 

shooting of instruments, no instrument lev- 
eling, no waiting for signal acquisition, and 
no physical tether to a fixed location. 

In recent tests on an evaluation site certi- 
fied by the National Institute of Standards 
and Technology, Odyssey achieved three- 
dimensional accuracy of 1:15,000 (e.g., 0.67 
mm at 10-m range) and precision (repeata- 
bility) of 1:75,000 throughout a 150-m 
range envelope. 

This high degree of accuracy and precision 
makes Odyssey ideally suited for a wide 
range of industrial applica- 
tions, including inspection, 
quality control, digital model- 
ing, rapid prototyping, track- 
ing, and workspace layout. 

For example, Odyssey is 
being used today for activities 
such as test aircraft measure- 
ment, movie visual effects, 
construction-site surveying 
and layout, facility retrofit, 
environmental monitoring on 
hazardous sites, and crime- 
scene reconstruction. 


Odyssey... 

• Higher Productivity 

• Better Quality 

• Less Rework 

• Improved Safety 
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Aromat 


A Subsidiary of Matsushita 

Aromat ls...Your Automation Controls Partner 
for the 21 st Century 


A romat Corporation is an American com- 
pany founded in 1974 to serve the 
North and South American markets. It is a 
wholly-owned subsidiary of Matsushita 
Electric Works, Ltd. (MEW), a $10 billion 
company known throughout the world for 
the quality and innovation of its products. 

Headquartered in Osaka, Japan, MEW is a 
major developer, manufacturer, and mar- 
keter of electrical construction materials, 
home appliances, residential building mate- 
rials, automation control products, wiring 
devices, and electronic materials and compo- 
nents. MEW is a sister company of 
Matsushita Electric Industrial Co., Ltd., also 
of Osaka, Japan, the force behind such 
world-famous brands as Panasonic, 
Technics, and Quasar. 




Drawing upon the tremendous resources 
of MEW, Aromat has grown into a $200 mil- 
lion company with more than 500 employees 
located in two modem manufacturing facili- 
ties, three fully stocked distribution centers, 
nine sales and service offices, and corporate 
headquarters in New Providence, NJ. Aromat 
has become a recognized industry leader in 
creating advanced-technology products. 
Throughout its growth, it has remained dedi- 
cated to long-term performance through 
quality, value, and technology. 


Compact, Self-Contained, Photo- 
electric Sensor Sees Difficult 
Targets 

• Optical triangulation design 
provides reliable operation in 
clean or dusty environments 

• Meets 1P67 waterproof stan- 
dard 

• Not affected by target color, 
background, or changes in 
either 


Photoelectric & Laser 
Sensors 

Aromat offers a broad line of 
On/Off and Analog output photo- 
electric and laser sen- 
sors for detection and 
measurement of small 
to large targets on 
product assembly 
lines, automated 
warehouses, and on 
automated machining 
centers. They are used in a 
variety of manufacturing envi- 
ronments and applications. 
These sensors utilize several different detec- 
tion methods including area reflective 
(triple-beam technology), diffuse reflective, 
retroreflective, and thru-beam technologies. 
Model configurations are available to accu- 
rately detect objects regardless of color, 
material, or shape; and are unaffected by 
background objects outside the set range 
Subminiature and fiber optic sensors also are 
available for applications where space is lim- 
ited and speed needs to be optimized. 



• Various sensing ranges from 20 to 200 mm 

• Fast 1 .0 millisecond response time 

Sensor Setup As Simple As Pushing A Button 

• Simple push-button setup 

• Quick wire connection with one push of a 
lever 

• Ultra-thin amplifier (10 mm) 

• Nine different functions for advanced sens- 
ing techniques 

• Fast response time of 0.6 milliseconds 

• Infrared, visible red, and green transmis- 
sion LEDs cover a wide variety of applica- 
tions 


Aromat Coloration 
629 Central Avenue 
Sew Providence , NJ 07974 
Tel: 908 464-3550 
Tax: 908-771-5658 
whtv. a rornat . com 
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David Sarnoff Research 
Center 

Business Development 
CN 5500 

Princeton , NJ 0S543 
Tel: 609-7.34-2553 
Fax: 609-734-2443 


640 X 480 I R Multiplexer 
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Sarnoff 


Visible Back-Illuminated CCD 

development include ones with the ability to 
detect gas levels in the parts-per-billion 
range without interference. With more than 
15 years of experience in RF identification 
and data-transfer systems, Sarnoff has devel- 
oped products ranging from simple, inex- 
pensive passive identifiers to sophisticated 
active remote transponders. An example is a 
credit-card-sized tag with more than 56 bil- 
lion reprogrammable codes that can be 
remotely read or written to at ranges up to 
six meters. With three decades of experience 
in focal-plane-array development, Sarnoff 


History 

Established in 1942 as the RCA 
Laboratories and a wholly-owned subsidiary 
of SRI International since 1987, Sarnoff is 
one of the world's leading research and 
development organizations in solid-state 
electronics. President and CEO James E. 
Carnes heads a growing staff of 780. 


T he David Sarnoff Research 
Center is a leader in develop- 
ing sensing technologies for a wide 
range of applications, including 
measurement, identification, data 
collection, and communications. 
We have made major advances in 
imaging, communications, RF 
identification, optical detection, 
and short-range data transfer. 

In microwave sensors, Sarnoff 
applies its long experience to such 
things as true-ground-speed sen- 
sors for locomotives, which 
increase load-pulling ability while 
saving fuel. Optical sources under 


320 X 244 PtSi IRCCD 


has applied CCD technology to 
everything from security systems 
to high-speed (1,000 frames/sec- 
ond) missile-tracking systems and 
a variety of visible and infrared 
cameras. 

In IR and visible imaging sys- 
tems, Samoffs expertise includes 
thinned-back, illuminated CCDs in 
a variety of output amplifier 
designs, vacuum-UV imagers, a 
monolithic platinum/silicon pro- 
cess, and a CMOS cryogenic multi- 
plexer process. Sarnoff also manu- 
factures its own high-frame-rate 
visible and IR CCD camera systems. 

Sarnoff has two decades of expe- 
rience in advanced silicon imager design, 
process technology development, imager 
design optimization, and product fabrica- 
tion. We offer an extraordinary combination 
of foundry service flexibility and technology 
performance that includes full-service de- 
sign and fabrication of final products. 
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Tiny Tower for Power 

Towering 20mm above your board and chewing up 225mm 2 
(15mm x 15mm base) of real estate, it is hard to believe why 
anyone would want to use a power supply current sensor that 
big. These ultra-miniature current sensors sense current from 
3 to 20 volts. Direct and alternating current (including pulse 
current) and current direction is detectable. These sensors are 
completely insulated against the secondary output. For a sen- 
sor the size of a penny, it is worth every one. CU1 Stack: on 
top of it. 


Contact Information: 

Jim Seiler, VP, CUl Stack, 9640 SW Sunshine Cl, G700, 
Beaverton , OR 97005 ; Tel: 800-275-4899, ext. 11; Fax : 503-643- 
6129 ; E-mail: jseHer@cuistack.com 
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Space-Age Sensors For 
Down-To-Earth Needs 

New England Instruments has been manufacturing precision 
potentiometers, position sensors, and electromechanical 
assemblies since 1957. We are the acknowledged leader in 
conductive plastic potentiometer technology. Our products 
serve applications ranging from consumer appliances to mili- 
tary avionics. New England Instrument products convert 
physical parameters such as position and pressure into precise 
electrical signals that are used by system controllers or micro- 
processors, usually in feedback-loop mode operations. 


Contact Information: 

New England Instrument; Tel: 401-769-0703 
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Novotechnik manufac- 
tures and distributes sev- 
eral families of linear dis- 
placement transducers, 
rotary position sensors, 
resistance elements, and 
custom-designed trans- 
ducers. They feature out- 
standing linearity, high 
tolerance to environmental extremes, long operating lifetimes 
(typically lOOxlO 6 operations). Linear transducers offer elec- 
trical stroke lengths from 25mm to 400mm. Rotary poten- 
tiometers give 360° of mechanical rotation, and operational 
speeds to 10,000 rpm. 

Contact Information: 

Novotechnik; Tel: 508-485-2244 for a free catalog 
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Patriot Sensors & Controls, 
Simi Valley, CA, introduces 
a new level of accuracy and 
reliability in precision pres- 
sure transducers for indus- 
trial use. Its SP200/210 
Silicon on Sapphire Pres- 
sure transducers are offered 
in ranges of 0-100, 10,000 
PSI with unparalleled absolute accuracy. With an absolute 
accuracy (maximum deviation from the ideal output within 
the operating pressure and temperature range) of <±1.5% FS, 
the SP210 sets a new engineering standard for true pressure 
transducer accuracy measurement. 

Contact Information: 

Colleen Morris, Patriot Sensors & Controls Corporation; Tel: 
805-581-3985, ext. 129; Fax: 805-583-1526 
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High-Precision 
Weight, Pressure & 
Acceleration 
Sensors 

Setra Systems, Inc. is a lead- 
ing designer and manu- 
facturer of high-pressure 
weight, pressure, and acceleration sensing devices. Founded 
in 1967, Setra is comprised of two divisions. The Transducer 
Division supplies pressure sensing devices to HVAC/R, indus- 
trial, semiconductor, OEM, barometric, aeronautical, military, 
food, medical, and pharmaceutical markets. A complete line 
of pressure transducers and transmitters are available with 
full-scale pressure ranges from 0.1 in. H20 to 10,000 psi with 
accuracy to 0.05%. 

Contact Information: 

Setra Systems, 159 Swanson Rd., Boxborough, M A 01719; Tel: 
508-263-1400; Fax: 508-264-0292 
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Setra Systems Inc.’s 
Weighing Systems Divi- 
sion provides load cells, 
counting/weighing 
scales, and balances to 
OEM, material handling, 
inventory control, and 
scientific measurement 
markets, respectively. Load cell capacities range from 200 g to 
50 kg and are accurate to 10 ppm. Qrcuits include a signal 
processing board with RS-232 interface and LED display. 
Setra employs variable capacitance technology in its entire 
product line. This award-winning, patented technology 
ensures the high level of accuracy and stability inherent in all 
Setra products. 

Contact Information: 

Setra Systems, 159 Swanson Rd., Boxborough, M A 01719; Tel: 
508-263-1400; Fax: 508-264-0292 
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Francis J. Kramer, President & 
Chief Operating Officer 


For the past two years, our advertise- 
ments, literature, and annual reports have 
included the phrase, “Combining Excellence 
Across the Spectrum.” At II-V1 Incorporated, 
we feel that these words help convey the atti- 
tude and business philosophy of our growing 
organization. The word “Excellence" is basic 
to our goals, and expresses our dedication to 
quality in design, in manufacturing, and in 
service to our ever-growing customer base. 
“Across the Spectrum” helps describe the 
expansion of our product lines. 

From our inaugural year of 1971 through 
1994, Il-VI Incorporated was dedicated pri- 
marily to infrared technology with products 
and services for industrial, commercial, mili- 
tary, and medical lasers covering the 2.0 to 
20 micron wavelength range. Today, through 
internal product development, mergers, and 
acquisitions, the breadth of the II -VI 
Incorporated product offerings now includes 
products to serve the rapidly expanding 
solid-state laser markets through our VLOC 
subsidiary. Using our knowledge of CdTe- 
based compounds, we have seen our eV 
Products Division expand rapidly as it brings 
new technology to market in the field of 
gamma ray detector devices. 

At II-V1 Incorporated, special emphasis is 
being placed on research and new product 
development in the areas of electro-optical 
devices for use across a broad spectrum. We 
are providing high-end, high-specification 
components that meet our customers’ 
requirements for optics and electro-optical 
devices from gamma ray to far infrared wave- 
lengths. 


II- VI Incorporated 
.175 Saxonburg Filed. 
Saxon burg, PA 16056 
Tel: 412 352 1504 
Fax: 4 i 2-352-4980 
www . opiics.org/ii - vi/ 



INCORPORATED 

Material Growth Capabilities 

Optics and optical components which 
meet or exceed specifications begin with the 
highest quality substrate materials. Complete 
understanding of the unique properties, 
preparation, and process control of these 
materials is critical. Il-VI Incorporated is rec- 
ognized worldwide as the leader in infrared 
crystal growth technology and the design and 
development of thin-film optical coatings. 

Infrared Materials 

• Zinc Selenide (ZnSe) - A fine-grained poly- 
crystalline material, produced by chemical 
vapor deposition, superior for transmission 
for wavelengths of 0.5-14 microns. ZnSe 
offers excellent qualities for imaging due to 



Green Light Emitter 


its homogeneous and uniform crystalline 
structure. 

• Zinc Sulfide (ZnS) - Regular Grade - A 
mechanically strong, small-grained materi- 
al has useful transmission in the wave- 
length range of 4-12 microns and offers 
exceptional hardness and flexural strength. 
This material is used exclusively in IR mis- 
sile dome and FLIR applications. 

• Zinc Sulfide (ZnS) - MultiSpectral Grade - 
Exhibits a high and uniform level of trans- 
mission from the visible through the 
infrared, making it particularly useful in 
FLIR systems requiring transmission at 
shorter wavelengths. 

• Cadmium Telluride (CdTe) - An ideal sub- 
strate in the 2-25 micron region, where 
many materials have reduced or variable 
transmission due to the presence of absorp- 
tion bands. Oriented single crystals of this 
compound also possess electro-optical prop- 
erties, which make them useful in applica- 
tion of electro-optical modulation of IR light. 

• Cadmium Zinc Telluride (CdZnTe) - Used 


as a substrate for Epitaxial MCT (Mercury 
Cadmium Telluride) in the manufacture of 
IR focal-plane arrays. Using horizontal and 
vertical Bridgman techniques, ingots of up 
to 8kg are produced, yielding high-purity, 
single-crystal substrates up to 6 cm x 8 cm. 
In addition, our eV Products Division uti- 
lizes high-pressure Bridgman growth for 
production of CdTe/CdZnTe solid-state 
room-temperature radiation detectors. 

Laser Gain Materials 

Il-VI Incorporated, through our VLOC 
subsidiary, offers a broad range of standard 
and custom laser gain materials and optics for 
industrial, scientific, and research lasers, 
including Nd: YAG and Nd:YLF Produced to 
stringent specifications, these laser gain mate- 
rials are precisely fabricated and coated per 
customer requirements. In addition, VLOC is 
a major producer of Cr.LISAF and CnLICAF 
crystals, which offer unique qualities as laser 
gain materials for solid-state lasers. 

The VLOC subsidiary develops and pro- 
duces nonlinear materials such as potassium 
niobate (KNb0 3 ) and potassium titanyl 
phosphate (KTP) used for the generation of 
laser light throughout the visible and near- 
infrared spectrum. Potassium niobate is par- 
ticularly well-suited for efficient conversion 
of infrared laser light into the blue-green 
spectral region via second harmonic genera- 
tion (SHG). Laser materials, components, 
and sub-assemblies produced at VLOC are 
used in efficient solid-state laser devices for 
the telecommunications, optical data storage, 
graphic display, and medical industries. 

Contact II-V1 Inc. for more information on 
infrared, near-infrared, visible and x-ray 
materials, optics, and electro-optic compo- 
nents. We’re Combining Excellence Across 
the Spectrum. 



Ultra-precision Diamond Machining Center 
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Industry Leader for More Than 
Three Decades 

Acton Research Corporation (ARC) is a 
leading manufacturer of high-performance 
laser optics, optical filters, multi-grating 
monochromators, and imaging spectro- 
graphs. The company was founded in 1960 
to meet the increasing demand for high-qual- 
ity optical products, and after a decade of 
pure research and development, ARC made 
its products commercially available. Our 
continuing emphasis is to offer the highest- 
performance and longest-lifetime optics and 
instruments available. 

Precision Optics and 
Thin Film Coatings 

ARC has built a strong international repu- 
tation for high-power laser optics, broadband 
mirrors, and precision optical filters. ARC 
excimer laser optics are used in thousands of 
laser systems, and also are incorporated into 
sophisticated semiconductor and medical 



ARC is your source for high-quality excimer 
and UV laser optics, coatings, and filters. 



Delivery of quality optical components is ensured by ARC'S experienced Coating & Quality 
Control Technicians. 


Acton Rrsfflirli Corp o ration 

PO Box 2215 

525 Maim Stiret 

Acton , M \ 01720 

Tel: 508-265-5584 

f ax: 508-265-5086 

E-mail: mc^Pacton- 

iesearch.com 

WHWMCt0n-rcse11rch.com 


laser systems. ARC precision UV and VUV 
optical components are installed routinely in 
spacebome experiments, including the 
Hubble Space Telescope service mission 
(Wide Field Planetary Camera), as well as 
various UV-based analytical instruments. 

In addition to servicing the high-volume 
industrial OEM market, we also work closely 
with universities and government laborato- 
ries in the design of custom coatings and 
components. This ongoing dedication to 
improving the state of the art in optical tech- 


nology has earned ARC the respect of profes- 
sionals worldwide. 

Versatile Monochromators 
and Spectrographs 

Thousands of customers worldwide rely 
on the ruggedness, performance, and versatil- 
ity of ARC monochromators and spectro- 
graphs, including the popular SpectraPro® 
Series instruments. Applications include opti- 
cal emission spectroscopy, Raman, L1F (laser- 
induced fluorescence), plasma diagnostics, 
LED/laser diode characterization, and indus- 
trial process control. ARC monochromators 
and spectrographs undergo stringent quality 
controls and testing, including precision laser 
alignment followed by automated computer 
calibration to insure that every instrument 
meets or exceeds published specifications. 



Industry-standard SpectraPro® multi-grating 
monochromators and spectrographs. 


ARC Instrument Capabilities 
Include: 

• Multi-grating monochromators and spec- 
trographs from 0.150 to 3.0 meters 

• Imaging spectrographs for CCD applica- 
tions 

• Measurement systems designed for VUV, 
UV, VIS, and near-IR applications 

• Fast spectral data acquisition systems with 
dedicated spectroscopy software 

• Complete selection of light sources, detec- 
tors, and spectroscopy accessories 

Leading-Edge Applications 

Today, ARC products are used in nearly 
every major industry incorporating optical or 
electro-optical technologies, including med- 
ical, semiconductor, laser, analytical chem- 
istry, spectroscopy, aerospace, high-energy 
physics, basic and applied research, educa- 
tion, and OEM markets. 
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fiber optic solutions. SpecTran Specialty 
Optics manufactures high-strength, high-per- 
formance, specialty single-mode, multimode 
graded-index, and step-index products. 
SpecTran Communication Fiber Techno- 
logies, Inc., is a world-known producer of 
single-mode and multimode graded-index 
fiber. Together, SpecTran Corporation and its 
subsidiaries provide high-performance prod- 
ucts that precisely match customer applica- 


SpecTran Specialty Optics 
Com pony 
P. O. Box 1260 
Axon. Cl 06001 1260 
Tel: 860 678 0371 
Fax: 860-674 8818 
E-mai I: ssocfiber@aol. a»H 


F or more than a decade, SpecTran 
Specialty Optics Company has been a 
world leader in engineered fiber optic solu- 
tions for the communications, industrial, 
medical, and military markets. SpecTran 
Specialty Optics is a proud contributor to 
multiple NASA and Air Force high-technolo- 
gy programs. Recently, SpecTran Specialty 
designed and manufactured a hermetically 
sealed, bend-insensitive, radiation-hard fiber 
optic cable that meets stringent aircraft per- 
formance requirements. This cable, FUGHT- 
GUIDE"*, is now a standard for space and 
aviation applications. 

SpecTran Specialty Optics Company, as 
well as all subsidiaries of SpecTran Corpo- 
ration, utilizes the resources of corporate 
research personnel and facilities for advanced 


tion requirements. This year, SpecTran further 
reinforced its commitment to world-class 
quality products and services with Bellcore 
ISO-900 1 certification. 

Products and Applications 

...On the Information Superhighway 

SpecTran Specialty Optics' specialty single- 
mode products are used extensively in fiber 
couplers and WDM systems supporting 
multigigabit systems. 

...On the Factory Floor HCS® (Hard Clad 
Silica) products are durable, quick and easy to 
terminate, and are an integral part of the link 
between independent computers, PLCs, and 
I/O devices where high reliability and ease of 
installation are important requirements. 

...In the Operating Room Strategic part- 
nerships with medical equipment manufactur- 


ers result in developed fiber optic solutions 
that meet NAmSA and Class VI biocompatible 
standards for critical devices such as laser 
surgery and blood gas monitoring. Final 
assembly, packaging, and sterilization are per- 
formed in Class 10,000 clean rooms. 

...In the Sky and on the Ground SpecTran 
Specialty's products meet unique customer 
requirements ranging from high data commu- 
nications on advanced tactical aircraft, to 
power transmission for initiation of pyrotech- 
nics on next-generation launch vehicles and 
aircraft ejection seats. SpecTran Specialty 
Optics Company's FLIGHTGUIDE™ and 
AVIOPTICS™ cables are aerospace-industry 
standards and baselined today on programs 
such as the F-22 Advanced Tactical Fighter 
and the Comanche helicopter. 

SpecTran Specialty Optics Company excels 
at solving tomorrow's technology problems 
today. Let us engineer your solution! 
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Synrad 


S ynrad, Inc. was founded in 1984 by 
Peter Laakmann to do advanced 
research in electro-optics and expand on his 
RF-excited C0 2 laser technology, which he 
had developed originally in an earlier ven- 
ture. Initially located in Southern California, 
Synrad conducted experiments with radio 
frequency (RF) excited plasma, the results of 
which made it possible to manufacture high- 
er-quality, sealed CO and C0 2 lasers at 
reduced costs. In 1986, Synrad changed 
location to a more modem production plant 
north of Seattle, and began producing thou- 
sands of laser tubes per 
year In the first ten 
years, Synrad grew to 
its current status as the 
recognized world 
leader in manufactur- 
ing sealed CO and C0 2 
lasers with powers 
between 10 and 240 
watts. Laser applica- 
tions include cutting, 
marking, drilling, heat- 
treating, sealing, and 
engraving of some met- 
als and most non- 
metal materials. 

Synrad builds RF- 
excited CO and C0 2 
lasers based on a fami- 
ly of optical, mechanical, and electronic 
modules that enable the company to develop 
and market lasers from common parts. The 
10-watt laser is the basic building block, con- 
sisting of a sealed C0 2 plasma tube, an RF 
driver module, a control circuit, and a chas- 
sis and heat sink to assemble all of the above. 

The 25-watt laser uses a plasma tube twice 
the length of the 10-watt, and the DuoLase" 
series of lasers combines two of the 2 5- watt 
tubes to produce a single laser beam using 
the laser's natural linear polarization. This 
method delivers twice the power in a chassis 
of about the same length. 

Most metal components used in produc- 
tion are aluminum extrusion, which is light- 
weight, durable, and compatible with laser 
operations. Synrad’s patented “all metal" 
technology allows for mass production at low 


costs. Therefore, the company can offer 
superior-quality sealed C0 2 lasers at a frac- 
tion of the price of competitors. That afford- 
ability of Synrad lasers has boosted sales into 
an average growth rate of over 65 percent for 
the past three years. 

The primary business objective of Synrad 
is to supply the highest-quality component- 
level lasers and accessories for use as is or 
incorporated into OEM systems. The low 
cost, durability, and simplicity of Synrad’s 
products makes owning and operating a 
laser-based system practical and economical 



View of Puget Sound from Synrad’s new Mukitteo facility 

for a wide range of businesses without the 
need for a dedicated laser technician or in- 
depth laser knowledge. 

Synrad has continued to increase its cus- 
tomer service orientation by offering the 
convenience of an expanded product line. 
Along with CO and C0 2 lasers in the 10- to 
240-watt range, Synrad offers compatible 
DC power supplies, laser power meters and 
probes, laser safety glasses, visible laser 
diode printers, selected focusing lenses and 
beam delivery components, and expert laser 
service. 

The latest developments from Synrad 
include the SH Series of marking heads and 
the ever-popular Power Wizard (PW-250 
and PW-2) pocket-sized laser power meters 
that improve upon the traditional “meat 
thermometer" power probes. Synrad is cur- 


rently developing the 500W Excalibur C0 2 
laser for high-power materials processing 
applications. 

Synrad’s expanding market includes 
industrial users of inexpensive, high-quality, 
and user-friendly “component-level" lasers. 
Typical applications are engraving or cutting 
plastic, paper, wood, and textiles, as well as 
marking of anodized aluminum. An increas- 
ing number of marking applications are now 
found in automated production lines and 
small-scale consumer applications. 

Synrad’s primary customers are OEMs 
that build and sell 
instruments to ser- 
vice the above mar- 
kets. However, sci- 
entific and R&D 
labs are proven 
long-standing and 
equally valuable cus- 
tomers. The prolif- 
eration of personal 
computers has giv- 
en a boost to the use 
of sealed C0 2 lasers 
for such tasks as 
“desktop manufac- 
turing” in connec- 
tion with computer 
aided drafting soft- 
ware. The three- 
dimensional computer-driven rapid proto- 
typing technology promises the same for 
“hands-ofT model-making using the laser 
and a personal computer. 

Synrad’s rapid growth necessitated further 
expansion, in the spring of 1996, to a build- 
ing in Mukilteo, WA, that is nearly three 
times the size of the previous facility. The 
additional space has allowed for increased 
production, more lab space for new product 
development, and a rapidly growing employ- 
ee roster. In 1992, Synrad employed less 
than 25 people. Currently, Synrad employs a 
staff of approximately 110. With a company 
policy of customer satisfaction and growing 
domestic and international markets, Synrad 
forecasts continued growth through the end 
of the century. 


Svnmd, Inc . 

6 500 Harbour Heights Plm>. 
Mukilteo, WA 9 *275 
Tel: 206 349-3500 
I ax: 206-485-4882 
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ESCO Products is a manufactur- 
er of precision optics. We main- 
tain an inventory of catalog 
optics, which are available off 
the shelf or with short lead 
times. Custom requirements also 
can be met in prototype or 
production quantities. All of 
these are described in our 
Handbook of Custom & Optical 
Components. 


Contact Information: 

ESCO Products ; Tel: 800-922-ESCO 0 726); Fax : 201-697- 
3011 
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Laser-Based 
Structured 
Light 

Projectors 

Lasiris Inc. is offering 
a complete line of 
eye-safe Laser- Based 
Structured Light Products for machine vision and alignment. 
Featured are focusable line generators from single line to 99 
parallel lines of a uniform, non-Gaussian distribution of 
intensity, circle, and concentric-circle projectors; dot, line, 
and dot matrix projectors; and a new crosshair projector 
using only one laser and a unique patented optic. Laser heads 
are also interchangeable. 

Contact Information: 

Lasiris Inc., 3549 Ashby, St-Laurent, Quebec, Canada H4R 
2K3 ; Tel: 514-335-1005 or 800-814-9552 ; Fax: 514-335-4576 
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Laser Diode Optics 

Optima’s off-the-shelf opti- 
cal components are geared 
for today’s laser diode 
applications. Our new 
brochure includes colli- 
mating and objective lens- 
es (glass and plastic), diode 
laser modules, line gener- 
ating modules and lenses, 
laser diode mounting kits, 
collimated diode lasers, 
infrared filters, anamorphic prisms, two-axis and four-axis 
positioners, and accessories. 

Contact Information: 

Optima Precision Inc., 775 5W Long Farm Rd., West Linn, OR 
97068; Tel: 800-544 4118; Fax: 503-638-4545; E-mail: optima - 
prec@worldnet.att.net; Web site: http://www.optima-prec.com 
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24-Hour Delivery: 
Off-the-Shelf 
Optics 

Free 130-page product cat- 
alog from Rolyn, world’s 
largest supplier of off-the- 
shelf optics. 24-hour deliv- 
ery of simple or compound 
lenses, filters, prisms, mir- 
rors, beamsplitters, reticles, 
objectives, eyepieces, plus 
thousands of other stock 
items. Rolyn also supplies 
custom products and coatings in prototype or production 
quantities. 

Contact Information: 

Rolyn Optics Co., 706 Arrow Grand Circle, Covina, CA 91 722; 
Tel: 818-915-5707; Fax: 818-915-1379 
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■ A New Level of 

Performance in Night-Time 
Digital Imaging! 

Electrophysics has introduced an 
absolutely new night vision module that 
transforms dark, moonlit, or starlit 
nights into bright, high-resolution 
scenes that are easily recorded by the 
Electronic Camera System host. The new patent-pending 
design results in the absolute highest possible night-time 
imaging performance available for digital and SLR cameras 
and camcorders. Because of its modular design, the 
AstroScope is powered by the electronic camera and accepts 
the same electronic lenses that were intended to be used with 
the camera. 

Contact Information: 

Electrophysics Corp., 373 Route 46 West, Bldg. E, Fairfield, NJ 
07004; Tel: 201 882-0211; Fax: 201-882-0997 
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Hitachi Denshi has further 
expanded its family of KP- 
M Video Cameras for 
imaging systems. The line 
now contains 2/3", 1/2", 
and 1/3" CCD sensors. 
The KP-M Series also 
includes right angle view- 
ing and two-piece configurations. Hitachi’s KP-M Cameras are 
available in 525 line EIA and 625 line CCIR formats. Hitachi 
Denshi has one of the broadest selections of video cameras for 
imaging use, including 3-CCD and 1-CCD color, progressive 
scan, and black and white mega-pixel cameras. 

Contact Information: 

Flitachi Denshi America, Ltd., 150 Crossways Park Dr., 
Woodbury. NY 11797; Tel: 516-921-7200; Fax: 516-496-3718 
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1 996 Emmy Award Winner For Lens 
Technology 


Long recognized as the technological 
leader in advanced optical systems, 
Canon U.S.A.’s Broadcast Equipment 
Division (BCTV) has been awarded the 
prestigious 1996 Emmy for “Outstanding 
Achievement in Technical/Engineering 
Development" and specifically for 
“Implementation of Lens Technology to 
Achieve Compatibility with CCD 
Sensors." 

This outstanding level of technology 
can be found in the innovative, versatile, 
and unique products described here. 


Onion U.S.A. 

Tel: 800-321-4388 

uMM.usa. canon. com 


L 



Canon 


Optical Image Stabilizer, 
Vari-Angle Prism Lenses 

Canon’s Optical Image Stabilizing Lenses 
utilize Canon's innovative Van-angle Prism 
technology to virtually eliminate image shak- 
ing due to any type of high-speed movement, 
vibration, or high wind conditions. These 
VAP lenses include Canons J14aX17B KRS-V 
for telephoto applications, the J13aX9B KRS- 
V for wider angle applications, and the IS- 
20B Adapter for use with the J20aX8B broad- 
cast quality lens. 

When image shaking occurs, the vibration 
sensor sends a signal in proportion to the 
degree of shaking. The signal is processed by 
the microcomputer and passed to the prism 
drive actuator, which adjusts the prism angle 
as needed to compensate for shaking. While 
the image stabilization system is operating, 
the prism is constantly monitored by the 
prism angle sensor, allowing real time con- 
trol over the prism. 



Canon’s YJ 17X9.5B KTS A lens 


Multi-Use, High-Quality 
Industrial Video Lenses 

The worldwide leader in broadcast televi- 
sion lenses, Canon remains committed to 
engineering the best lenses in their class, 
while providing real solutions for the broad 
range of high-quality industrial video user 
needs, including machine vision, line inspec- 
tion, sorting by color, automated or unat- 
tended operations, and R&D 

Canon’s supenor quality video communi- 
cation lenses include the YJ1 7x9.5 KTS A, 
the YH17x7 KTS A and the YH13x7.5 KTS 
A, and feature advantages such as super 
close-up, 17X zoom capability (found in the 
YJ17 and YH17), fast and quiet servo opera- 
tions, and other benefits normally associated 
with Canon’s world-class high-quality broad- 
cast video lenses. 

KTS lenses can be used with most any 
2/3" or 1/2" camera and offers remote control 
zoom, focus and iris functions available via 
our TCR-101F, 20 IF, or 30 IF line of con- 
trollers. Lightweight and sturdy, these lenses 


are also available with a simple interface for 
use with custom-designed controllers. 

Canobeam II Optical Beam 
Transmission System 

Canobeam 11 is a highly reliable Optical 
Beam Transmission System that features 
speed, bi-directional bandwidth and a new 
Auto-Tracking system for uninterrupted 
FDD1, ATM/OC3 transmission where no 
optical cable exists. 

Airports, nuclear power plants, and other 
locations unsuitable for ground-breaking 
construction can take advantage of FDDI, 
ATM/OC3. And, because Canobeam II oper- 
ates “optically” and interference-free, reliable 
and confidential transmission is assured. 

Canobeam II is engineered for maximum 
safety, even when viewed directly, and oper- 
ates in accordance with international laser 
safety standard IEC825. No FCC licensing is 
required to operate Canobeam II. 

Canobeam II is easy to use and install and 
features interchangeable module units for 
FDDI or ATM/OC3 use. Canobeam II is 
capable of transmitting at speeds of 125/155 
Mbps at a distance of 2.5 miles. A built-in 
“video camera" feature automatically sets up 
the bi-directional HS-40B Heads, while the 
CD-30F unit, which is attached by two coax- 
ial cables, provides control and monitoring 
from any location. 



Canon's Canobeam II 
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Inframetrics , Inc. 

16 Esquire Road 

Nonli Billerica, MA 01862 

Tel: 800 GO INFRA or 

508-670 5555 

Tax: 508-667-2702 

E-mail: info@infrantclrics.coni 

umm: i n f ra in cl ri cs . com 


Inframetrics: The Infrared Specialists 


Gathering data from design changes can be done right in the field. Thermal image of 
disk brake rotor shows heating pattern of brake pads. 
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Leadership Based on 
Performance 

Inframetrics is a world leader in the design 
and manufacture of infrared (IR) thermal 
imaging and measurement systems. Since its 
founding in 1975, the company has intro- 
duced a broad range of new products based 
upon continuing innovation and proven 
performance to help you save time 
and money, develop new 
products or quality-control 
existing ones, plan 
maintenance costs 
effectively, and mon- 
itor system condi- 
tions. Inframetrics 
continues to pio- 
neer, advance, and 
refine IR technolo- 
gy. Rugged and reli- 
able, Inframetrics sys- 
tems adapt to virtually 
any application and envi- 
ronment where precise thermal 
measurement and monitoring are 
required. 

Today, an array of Inframetrics’ user 
friendly IR systems are being applied in such 
diverse fields as: predictive maintenance, 
product research and development, aero- 
space research, non-destructive evaluation, 
process monitoring and control/QC, elec- 
tronics design and manufacturing, non-inva- 
sive medical assessments, navigation, search 
and rescue, ground and airborne surveil- 
lance, law enforcement, and in the military. 

A focus on real-world research, applica- 
tions engineering, customer training, and 
highly responsive on-site field applications 
support has built a customer loyalty for 
Inframetrics unmatched in the infrared 
industry. 


ThermaCAM®: The Worid's 
Best-Selling IR FPA Temperature 
Measurement System 

The company offers a diverse line of prod- 
ucts, each distinguished by powerful perfor- 
mance capabilities and broad utility. Their 


ThermaCAM® family of FPA infrared imaging 
and temperature measurement systems. 

newest line of infrared systems, the 
ThermaCAM® II Series, represents further 
advancement in the state of the art in hand- 


held focal plane IR measurement systems. 

The refinements in the Series n Therma- 
CAMs will further boost the market’s accep- 
tance of a product line that already has 
become the world’s best-selling range of 
industrial FPA thermal imaging systems. 
Refinements to the design were a result of 
customer feedback and technological 
advancements since the original 
introduction of the product 
line in March of 1995. 

The new product range 
consists of four mod- 
els, three designed 
for the predictive 
maintenance mar- 
ket and one, the 
Model SC1000, 
designed for the 
scientific communi- 
ty. This camera offers 
the accuracy and sensi- 
tivity demanded by scientif- 
ic applications while providing 
the portability and imaging perfor- 
mance associated with FPAs. The SC 1000 
includes a real-time 12-bit digital output and 
provides the analysis power associated with 
workstation-based systems, but has the flexi- 
bility of a handheld camera and of Windows 
95 processing environment. 
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excellence Leading-edge virtual 
reality installations throughout the 
world rely on n-Vision technology 
and products for these key compo- 
nents. 

Founded in 1988, n-Vision 
came to national prominence 
when it won a NASA contract to 
develop a miniature display system 
for use in the High Alpha aircraft 
cockpit design program. In 1991, 
at the conclu- 


Seeing is Believing With n-Vision 
Display Products 

I n Maryland, a group of cardiologists dons 
helmets and feel as if they have been 
miniaturized and injected into the left atrium 
of a patient’s heart. In Pennsylvania, an audi- 
tor uses a similar system to create and access 
three-dimensional spreadsheets. In Sweden, 
an engineer working on the design for a 2 1st- 
century Volvo checks performance character- 
istics in a virtual reality simulation, in 
Germany, prospective clients test-drive a sim- 
ulated Mercedes-Benz on a virtual Autobahn. 

The effectiveness of the virtual reality 
experience depends greatly on the quali- 
ty of the system’s visual display 
components. The experience is 
believable if and only if the 
display convinces users to 
accept the reality of what 
they think they see. 

At NASA, at the U.S. 

Departments of Defense 
and Energy, and in the 
design studios of dozens 
of key industries, ideas are 
being transformed to realistic 
simulations displayed on devices 
produced by n-Vision, a new-era, high- 
technology firm based in McLean, VA. 

Industrial designers, aerospace engineers, 
medical innovators, and other pioneers 
around the world rely on n-Vision displays to 
help them visualize their concepts in ways 
that, just a few years ago, could only be fan- 
tasized about. 




Datavisor Display System Sets 
the Standard 

As the virtual reality industry’s premier 
designer and producer of immersive display 
systems, n-Vision has become a vital and val- 
ued player. Their devices have established 
the standard for high-resolution, realistic 


sion of 
the NASA 
program, n-Vision 
turned to the commercial market. The result- 
ing product, Datavisor 10m, a high-resolu- 
tion, monochrome Head Mounted Display 
(HMD), represented a major industry 
advance. Two years later, n-Vision introduced 
the first commercially available, CRT-based, 
full-color HMD. 

By 1994, n-Vision had become the lead- 
ing creator of head-mounted visual display 
devices. The company’s full-color Datavisor 
lOx quickly established itself as the prod- 
uct of choice for high-end virtual reality 
applications. Since then, n-Vision has 
expanded its market to also include appli- 


cations with high-end needs that require 
cost-effective solutions. 

The Datavisor line continues to expand. It 
now includes the Datavisor 80 (with a spec- 
tacular 120-degree field of view), as well as 
solutions ranging from high-resolution 
devices to VGA models that feature nearly 
universal system compatibility. 

Virtual Reality - Real Markets 

Today’s n-Vision products and custom 
development services provide serious solu- 
tions for many rapidly growing markets. 
Both the Datavisor family of head-mounted 
displays and the firm’s handheld “Virtual 
Binoculars” are systems of choice for both the 
mid-priced and high-end sectors of the virtu- 
al reality industry. From industrial research 
to defense training, n-Vision has set the stan- 
dard and continues to lead the technological 
advancement of virtual display devices. 

Products created and manufactured by n- 
Vision also are distributed worldwide 
through resellers in the U.K., Germany, and 
Japan. For more information, visit the n- 
Vision home page at: http://www.nvis.com. 


n-Visiott, Inc. 

7680 Old Springhouse Rood, 
l si Hoar 

McLean . VA 22102 
Tel: 703-506-8808 
f ax: 703 903 0455 
L - nut i I: sales@n vis . com 
www.nvLS.cofn 
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Videographic Products for Advanced 
Applications 


S ince its founding in 1986 RGB 
Spectrum has grown to be a technolo- 
gy leader dedicated to the integration of 
computer, video, and infrared signals for dis- 
play and communications. Applications 
include command-and-control, simulation 
and training, multimedia display, videocon- 
ferencing, surveillance, remote video moni- 
toring, unmanned-vehicle communications, 
visualization, television broadcast, and virtu- 
al reality. 

RGB Spectrum provides an extensive 
range of products to integrate computer and 
video signals. Products are offered in both 
standalone and board-level configurations 
for the widest possible compatibility with 
computers and workstations of all types. 
Capabilities include video scan conversion, 
video windowing, multiscreen display, image 
fusion, and computer signal synchronization. 




Kollsman Inc.'s gunnery trainer for the TOW (Tube-launched 
Optical ly-tracked Wire-guided) missile. The system uses a 
SynchroMaster 100 color field-sequential scan converter from 
RGB Spectrum to provide real-time conversion between the 
RGB signals from the computer and the color field-sequential 
signals required by the monitor. (Photo courtesy Kollsman, Inc.) 


Product lines include: 

• The RGB/Videolink® scan converters 
that transform high-resolution computer 
graphics to broadcast-video format in real 
time. Output options include NTSC, PAL, S- 
Video, CAV, CCIR601, digital video, and 
31.5-kHz RGB for projection. The 
RGB/Videolink features a zoom, flicker elim- 
ination, and graphics overlay on video. 


RGB Spectrum 

950 Marina Village Parkway 

Alameda , CA 9 4501 

Tel: 5 1 0-S1 4 7000 

f ax: 51 0-SI 4-7026 

L-ma i l: salcs@rgb.com 

www.rgb.com 


The RGB/View and SuperView video window- 
ing systems allow users to combine a high-res- 
olution workstation screen with multiple live 
video windows. Here, four simultaneous real- 
time video signals are being shown on a com- 
puter monitor. 

• The Videolink HD™, a unique record- 
ing system for high-resolution computer 
imagery. By working with the latest in HDTV 
recorders, the Videolink HD 
is able to record high-resolu- 
tion (up to 1280 X 1024) 
computer signals at the 
HDTV 1125-line standard, 
double the number of lines 
resulting from ordinary 
video-scan conversion. 

• The RGB/View® and 
SuperView™ video window- 
ing systems, which display 
multiple simultaneous real- 
time video windows on high- 
resolution monitors, projec- 
tion cubes, or other data-dis- 
play devices. Inputs may 
include NTSC, PAL, S-Video, FLIR, other 



computer signals, etc. The window's can be 
positioned, scaled, and overlaid with com- 
puter graphics. Available as a standalone 
peripheral or a 6U VMEbus card. 

• ComputerWall® is a multiscreen dis- 
play controller that creates a "wall-sized" 
computer display by magnifying and split- 
ting computer images across an array of 4 or 
16 projector screens. It is compatible with all 
computers up to 1280-X-1024 resolution 
and displays images in real time. 

• The SynchroMaster® 300, a synchroniz- 
er, switcher, fader, and dissolve unit for data- 
display projectors. It can superimpose one 
computer image onto another, combine 
asynchronous images of similar resolutions, 
and mix interlaced and noninterlaced 
images. 



Sensors embedded in Los Angeles freeways 
communicate with a CALTRANS workstation to 
produce this map, which shows current free- 
way speed represented by colored lights. Using 
RGB Spectrum’s RGB/Videolink scan convert- 
er, CALTRANS converts the high-resolution 
computer screen to NTSC, and broadcasts this 
map via cable TV to 500,000 homes in Los 
Angeles. (Screen image courtesy CALTRANS 
[State of California Dept, of Transportation]) 

• The SynchroMaster 100, a color-sequen- 
tial video scan converter that converts 
between color-parallel and color-sequential 
signals, to interface computers and scene 
generators with helmet-mounted and other 
VR displays using color shutter technology. 

RGB Spectrum products are distributed 
internationally. The company is headquar- 
tered in Alameda, near San Francisco, CA. 


Southern California Edison’s Moorpark Sub- 
station is a state-of-the-art command center 
and a working prototype for future upgrades of 
the company's transmission substation control 
systems. This photo shows a 2-X-2 video wall 
controlled by RGB Spectrum’s ComputerWall 
multiscreen processors. (Photo courtesy Amer- 
ican Video Communications) 
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Laser Beam Diagnostics 


12-Bit Accuracy With an 8-Bit Digitizer 


S piricon has developed a new high-tech- 
nology framegrabber card and associat- 
ed software. This framegrabber card and soft- 
ware, Model LBA-300PC, was optimized for 
laser-beam analysis, but has potential useful- 
ness in many other applications. As shown in 
Figure 1 , a laser beam is composed of a sig- 
nal that contains intensity information far 
out into the wings of the beam. Because this 
signal is of very low intensity, but critical in 
beam-width measurements, it is essential 
that the baseline or background of the cam- 
era be correctly adjusted. If not accurately 
set, or if the random noise from the camera is 
not properly compensated for, then inaccura- 
cies in measuring the beam width are 
encountered. There may be many other 
applications wherein the precise baseline of a 
CCD camera imaging system must be com- 
pensated for correctly. 




Figure 1 . LBA-300PC beam-profile display showing a laser 
beam with low-intensity energy out into the wings of the beam. 


In the past, researchers have used expen- 
sive 10- and 12-bit cameras and digitizers to 
obtain the accuracy needed for demanding 
applications. However, even these do not 
necessarily compensate correctly for the 
baseline offset and noise in the camera-digi- 
tizer interface. With an inexpensive 8-bit dig- 
itizer, the new Spiricon hardware and soft- 
ware can give accuracies similar to that 
obtained by 10- and 12-bit systems in some 
applications. 


Spiricon , Inc. 

26 00 North Main 
Logan, IT #4321 
Tel: HOI -753-3729 
Fax : SO 1-7 53-523 1 
www. spi i icon . cow 


Figure 2. 3D view of random noise readout from camera after 
summing 256 frames. 

Patented Algorithms 
for Precise Baseline 
Offset and Noise 
Compensation 

The LBA-300PC framegrabber 
and software enable automatic 
setting of the precise baseline. In 
addition, the system accounts 
for both negative and positive 
noise components of the cam- 
era. Without the negative noise 
components that are truncated 
by most digitizers and by "back- 
ground subtraction," the re- 
maining positive noise compo- 
nents can distort measurements. 

Also, without retention of the negative noise 
components, summing would cause a net 
positive drift in the DC bias. The LBA-300PC 
system uses a 16-bit frame buffer to keep 
track of both positive and negative noise. 

To measure the accuracy of the baseline 
setting, the LBA-300PC software was set to 
Sum 256 frames with all light input to the 
camera blocked. Figure 2 is a 3D plot of the 
camera output, showing the noise frame 
obtained after this summing. Shown are the 
positive noise components going through the 
colors and the negative noise components in 
gray. Summing was used to increase the 
noise to a level that enabled statistical analy- 
sis. In operation, summing is a technique 
that could be used to extract weak signals 


buried in the noise, since the 
signal sums as the number of 
frames, and the noise sums as 
the square root of the num- 
ber of frames. Figure 2 gives 
a visual perspective that the 
noise is random and roughly 
centered about zero. 

Figure 3 is a histogram of 
the noise of Figure 2, created 
by the LBA-300PC software. 
It shows the number of pixels 
that are recorded at each dig- 
itizer level. A numerical 
analysis of the data of Figure 
3 shows that it is Gaussian, 
and the center is less than 
l/5th of a digital count from 
zero. Thus, since the Sum is 
256 noise frames, the accura- 
cy of setting the baseline to zero is 0.2/256, 
or better than 0.1 percent. 

The LBA-300PC software enables addi- 
tional features that could be useful for many 
applications. For example, the display scale 
can be increased by 2, 4, 8, or 16 in the soft- 
ware. The user is then able to adjust which 
intensity levels are viewed over the dynamic 
range of the display. This is the equivalent of 
software "signal contrast enhancement." 

There are many other features of the new 
framegrabber and software that may prove 
useful, both for laser-beam analysis and for 
other applications. 

A free copy of a demonstration version of 
the software is available on Spiricon's web 
page: www.spiricon.com, under "Product 
Data/Free LBA-300PC Software." 



Figure 3. Histogram of noise from camera 
after 256 frames of summing. 
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As a leader in interconnection technology, 
AMP provides end-to-end engineered solu- 
tions for high-speed interconnections. For 
the digital logic designer and packaging engi- 
neer, high-speed interconnection design pre- 
sents many demanding challenges. Rather 
than developing competencies in such spe- 
cialty areas not necessarily strategic to their 
business, leading companies are concentrat- 
ing on what they do best, and partnering 
with companies that bring engineered solu- 
tions and add value to their design. 
Companies like AMP 

This is one element of what we call 
Connecting at a Higher Level. A premise of 
this concept is that in a high-speed device, 
everything from the IC to the I/O is part of the 
interconnection system, and must be engi- 
neered on an electronic level for optimum 
performance. From design validation by com- 
puter simulation and analysis to manufacture 
of interconnect components and subsystems, 
AMP offers a full spectrum of products and 
services to provide interconnection systems 
that perform to specification. 


In addition to design and assembly of com- 
plete interconnect systems for high-speed 
data, AMP provides copper and fiber compo- 
nents, including connectors, cables, and 
cable assemblies. 


AMP I nco if jo rated 
Harrisburg , PA 17105-360 8 
Tel: 800-522-6752 


Complete Interconnection 
Solutions for Fibre Channel 



T he complete interconnection solution for 
Fibre Channel is a good example of 
“Connecting at a Higher Level.” In addition 
to connectors, cable, and cable assemblies, 
the Fibre Channel interconnect offering from 
AMP includes design simulation and analysis 
services, manufacture of high-performance 
multi-layer boards, and assembly services. 
Fibre Channel arbitrated loop, point-to- 
point, and switched topologies at speeds up 
to 1.062 Gbps are accommodated by AMP 
interconnection solutions. 


bution, and EMI management. 

High-Speed Serial Data Connections 
accommodate serial transfer rates up to 
2.125 Gbps on copper cable for 30 meters or 
more. Approved by the ANSI X3T11 com- 
mittee for Fibre Channel, the system also is 
being considered by ANSI X3T10.1 for Serial 
Storage Architecture and by IEEE 802.3 for 
gigabit Ethernet. HSSDC plug and receptacle 
connectors offer a high-density, controlled- 
impedance, fully shielded system. 

SCA 2 connectors include 40-position ver- 


Fiber Channel Interconnect Solutions 



40Postton 

DASD RAID 
Mass Storate 


From system simulation and high-performance backplanes through interbox cable assemblies, 
AMP offers comprehensive solutions to Fibre Channel connectivity. 


WK'H'.tflfl/KCOIIl 


Sophisticated modeling and simulation are 
the basis for design analysis to predict, vali- 
date, and optimize system performance. 
Such verification helps ensure signal integri- 
ty by predicting impedance, crosstalk, 
ground bounce, noise budgets, and other 
critical parameters. One result is prototypes 
that work as predicted, helping customers 
get products to market faster. 

Fibre Channel backplanes. AMP is a leader 
in the design and manufacture of high-per- 
formance, multi-layer PC boards. We design, 
layout, manufacture, and populate boards 
that meet demanding space, performance, 
and cost objectives. 

Assembly services include the design and 
assembly of backplanes, card cages, cables, 
and other assemblies. Our design services 
address thermal management, power distri- 


sions for direct-connecting disk drives to 
Fibre Channel backplanes and 20-position 
versions for the gigabit interface connectors 
used on Fibre Channel hubs, switches, and 
host bus adapters. 

SC connectors for optical fibers, in simplex 
and duplex single-mode and multi-mode 
versions, allow users to achieve the maxi- 
mum distance capabilities of Fibre Channel. 

Cable and cable assemblies for all Fibre 
Channel copper and fibre interconnection 
needs. AMP is a major manufacturer of copper 
and fiber optic cable and cable assemblies. 
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omRon 

Applying Technology for 
Advanced Control Solutions 


Mission 

Omron Electronics, Inc. uses control sys- 
tems and devices of its own design and man- 
ufacture to provide advanced solutions for 
factory automation and electronic compo- 
nents for commercial and consumer prod- 
ucts. Omron offers more than 20 years of 
experience integrating design, installation, 
and support of customer systems and meet- 
ing standards for efficient global coordination 
of manufacturing. 



Omron provides multi-location and national 
account coordination from U.S. headquarters, 
exclusive inventory arrangements, customized 
testing reports to eliminate incoming inspec- 
tions, custom bar coding, next-flight-out 
emergency shipment of parts. 


Sales and Support Facilities 

Americas headquarters for Omron are in 
Schaumburg, IL. Omron Canada in 
Scarborough, Ontario, and Omron Brazil are 
subsidiaries. Visit out FA Plaza Technology 
Showrooms in the U.S. and Canada. 
Training facilities are located in Schaumburg, 
Toronto, regional U.S. offices, and at certified 
distributors. Omron manufactures relays, 
photoelectric sensors, and other controls at 
Omron Manufacturing of America in St. 
Charles, IL. Our R&D centers are located in 
Japan, Singapore, U.K., Netherlands, 
Germany, and the U5. 


Omron Electronics , Inc. 
One East Commerce Drive 
Schaumburg , IL 60173 
Tel: 847-843-7900 
fax: 847-843-7787 
WWW. oei .omron. com 


Key Data 

Omron Corporation 1995 revenues were 
$5.6 billion. Omron employs 23,000 world- 
wide. There are 55 international subsidiaries 
and more than 40 factories worldwide, all 
with ISO 9000 certification. Omron was 
founded in 1933 in Kyoto, Japan. Omron 
Electronics, Inc., responsible for North 
American marketing, was started in 1973. It 
employs 700 divided among 34 branches 
and regional offices, training facilities, and 
application labs. 

Products 

• Relays - low signal, PCB, and general pur- 
pose 

• Switches - snap action, keypad, thumb- 
wheel, DIP, rotary 

• Photomicrosensors 

• Magnetic card readers - insert, swipe, 
motorized 

• Radio frequency and bar code data han- 
dling systems 

• Machine vision systems 

• Programmable controllers 

• Photoelectric & proximity sensors, limit 
switches 

• Timers, counters, panel meters, power sup- 
plies 

• Measurement sensors 

• Operator interface terminals 

• Process & temperature controllers 

• Software for PLCs, process control moni- 
toring 



Surface-mount and through-hole minia- 
ture touch switches for keypads and joy- 
sticks. 

Background-suppressing miniature photo- 
electric sensor detects overhead transparency 
film and paper. 

Microdisplacement sensor with analog out- 
put designed for check-clearing, but has found 
application in measuring cracking and move- 
ment in National Park Service monuments. 

Off-line circuit board inspection system 
uses color vision to provide 3D views of sol- 
der joints, captures defect views, records 
data/time to reduce time and operator fatigue 
in quality control process. 



Control Components include relays, switches, 
small optical switches and sensors, and card 
readers. For a CC Standard Products Catalog, 
fax 847-839-2345 or e-mail 
CC0oei.omron.com. 

Recent Advances 

Surface-mount and through-hole low-sig- 
nal relays with identical internal construction 
and high-precision lead pitch for more effi- 
cient auto-insertion. 


Factory Automation controls and systems that 
are simple to integrate include machine vision, 
RFID and bar code data handling systems, 
programmable controllers and operator inter- 
face terminals, software, DeviceNet compo- 
nents, process and temperature controllers, 
timers, counters, and panel meters. For a 
Short-Form FA Catalog, fax 847-839-2345 or 
e-mail FA0oei.omron.com. 


A single Windows-based programming 
software for all Omron PLCs. 

RF-based data handling system encodes 
batch and routing data onto industrially 
hardened tags for readAvrite access to data at 
the point of use. 

Ethernet gateway for mid-sized PLCs on a 
plug-in PCMCIA card. 

CMP1 micro PLCs for 10-50 I/O point 
applications. 

Machine vision systems with optical charac- 
ter recognition (OCR), gray scale resolution to 
handle high-speed, multi-camera inspection. 

CV- Series programmable controllers pro- 
vide transparent, multi-level communication 
within and between networks. 

See Omron's products in action by visiting 
the Factory Automation Plaza Technology 
Showroom in Schaumburg. Fax a visit 
request to 847-839-2345. 
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Senices 





Brian Joseph, Executive Director 

Each morning thousands of scientists and 
engineers leave their homes and families to 
invent the future at research facilities across 
America. 

About 20 percent of those researchers 
head for the more than 700 federally-funded 
laboratories like NASA's Johnson Space 
Center or the Department of Energy's 
Lawrence Livermore National Laboratory. 

The work of the more than 100,000 fed- 
eral researchers who have produced more 
than $36 billion in federally-sponsored 
research is available to U.S. companies with 
ideas they want to turn into products. And 
access to all this information has one com- 
prehensive entry point: the National 

Technology Transfer Center. 

NTTC is home of NASA TechTracS and 
the largest repository of federal research and 
development information available to the 
public. Call 800-678-6882 or visit 
http://www.nttc.edu for more information 
about how you can gain access to the exper- 
tise, facilities, and technologies of those fed- 
eral researchers. 

Public- and private-sector partnerships 
can strengthen the U.S. economy. Companies 
become more competitive in today's global 
market because they do not have to apply 
precious resources to research that already 
may have been accomplished. 

NTTC can help you find a match. Call us. 


National Technology Transfer 
Center (NTTC) 

Wheeling Jesuit L'nis ersi ty 
316 Washington Ur. 
Wheeling, W\ 26003 
Tel: 304 243-2293 
Tax: 304-243-2437 


NTTC enhances U.S. industry's econom- 
ic competitiveness by facilitating commer- 
cialization of NASA and federal technolo- 
gies. 

NTTCs National Gateway links business 
to vast NASA and federal technological 
resources by calling 800-678-6882 or visit- 
ing http://www.nttc.edu on the World Wide 
Web. Technical experts in many specialties 
search NASA's TechTracS and the most 
complete set of databases for federally-spon- 
sored research and development to help 
callers find the researchers, technologies, 
and facilities within the federally-sponsored 
R&rD system that most meet their needs. 

NTTC administers TechTracS, the 
NASA Technology Tracking System. 
TechTracS is NASA's primary tool for man- 
aging its commercial resources. Access 
TechTracS via its 
search application, 

TechFinder, on the 
World Wide Web at 
http://www.ntas.nttc- 
nco.edu. 

NTTC concentrates 
on preparing tech- 
nology transfer profes- 
sionals for their 
work with businesses 
through its technology 
commercialization and 
innovation manage- 
ment training oppor- 
tunities. 

NTTCs training 

activities include the National Industrial 
Extension Agents Curriculum and projects 
with NASA's Office of Space Access, U.S. 
Navy's Office of Naval Research, the 


Environmental Protection Agency, and the 
Department of Commerce's Entrepreneurial 
Technology Apprenticeship Program. 

NTTC conducts national outreach and 
promotional activities to improve private- 
sector awareness of NASA and other feder- 
al technology resources and opportunities. 

NTTC History 

NTTC is the hub of a national network 
linking U.S. companies with federal labora- 
tories to turn federally-sponsored research 
into practical, commercially-relevant tech- 
nologies and products. Located at Wheeling 
Jesuit University, NTTC has been part of the 
NASA-sponsored National Technology 
Transfer Network since 1991. 

NTTC’s National Gateway has facilitat- 
ed more than 13,500 technical requests 


since it opened in October 1992. 
Technology transfer professionals in 42 
states have received more than 28,500 
hours of training at NTTC workshops. 

The NTTC also 
developed and 
produced the 
CD-ROM, NASA 
Solutions: Sharing 
Aerospace Technol- 
ogy with America, 
in collaboration 
with the NASA 
Commercial 
Technology Team. 
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Manufacturing/Fabrication 


Swaging a Tube Perpendicularly to a Plate 

No additional parts are needed. 

Marshall Space Flight Center, Alabama 



m 





TUBE INSERTED IN MOLE 
IN PLATE 


TOOLS POSITIONED IN 
PREPARATION FOR SWAGING 


TUBE MATERIAL PUSHED 
INTO RECESS 


JOB COMPLETED 


The Tube Is Quickly Swaged to the plate, using simple tools. 


An inexpensive swaging technique 
has been devised for attaching a tube 
perpendicularly to a plate, without any 
additional parts. In the original applica- 
tion for which the technique was 
devised, the plate was a face plate for a 
coaxial fuel injector in a rocket engine, 
and the tube was the fuel sleeve (the 
outer coaxial member). The technique 
might prove cost-effective in many man- 
ufacturing situations in which there is 
need for rapid, inexpensive attachment 
of posts or tubes to base plates. 

The technique (see figure) requires 
preparation by machining a stepped- 
diameter hole in the plate to receive the 
tube, and machining a reduced-diame- 
ter outer surface on a short length at the 
end of the tube to be inserted. This end 
of the tube is inserted in the hole from 


the smaller-diameter side and temporar- 
ily restrained to prevent it from backing 
out under the force of subsequent 
swaging. Then a forming tool — basical- 
ly a machined, hardened tube — is 
pushed hard toward the plate to swage 
the tube-end material into the larger- 


diameter portion of the hole in the plate. 

This work was done by Steven C. 
Fisher of Rockwell International Corp. for 

Marshall Space Flight Center. For fur- 
ther information, write in 47 on the TSP 
Request Card. 

MFS-31 112 


Compliant-Contact Ultrasonic Device for Inspecting Welds 

Mounted in place of a welding torch, the device is operated at intervals along the torch trajectory. 


Marshall Space Flight Center, / 

An improved device for ultrasonic 
inspection of welds made by a robot is 
designed to provide measurements of 
greater consistency than was previously 
achievable. With the workpiece still 
mounted in the welding station, the 
device is mounted on the welding robot 
in place of the welding-torch gas cup. 
The welding robot is then made to move 
along the same trajectory that it followed 
during welding. At desired small intervals 
along the trajectory, the device is 
pressed into contact with the weld to 
take the ultrasonic measurements. 

The design of the device provides for 
compliant contact to accommodate mis- 
alignments and to ensure adequate cou- 
pling of ultrasound between the ultrason- 
ic transducer and the workpiece, even 
when the surface of the workpiece is 
curved and/or irregular. Older ultrasonic- 
inspection devices designed for the 
same purpose do not provide the neces- 
sary compliance, the defect signals that 
they generate are not consistent, and the 
coupling shoes of the ultrasonic trans- 


ducers in those devices tend to hang up 
and thus fail to return to home position. 

The present device (see figure) in- 
cludes a generally cylindrical upper body 
that is screwed onto the welding-torch 
body (after the gas cup has been re- 
moved) by use of a one-tum-thread lock- 
ing mechanism actuated by a knurled nut. 
Next, the bottom part of the device can 
then be rotated about the cylindrical axis 
to align the transducer shoe for proper 
contact with the workpiece, then locked. A 
circular rubber coupling provides the free- 
dom for this rotation, plus compliance to 
accommodate tilting of the transducer 
axis from the nominal cylindrical axis. 

The transducer shoe is mounted at the 
lower end of a pneumatic plunger, which 
is pressurized as needed to press the 
transducer against the workpiece. The 
pneumatic plunger features a slot-and- 
pin arrangement that limits rotation but 
allows linear displacement along the 
cylindrical axis of the transducer. 

This work was done by Jeffrey L. 
Gilbert, William S. Hoult, Usa M. Gelineau, 


and Gareth L Simpson of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, 
write in 74 on the TSP Request Card. 
MFS-30092 



Transducer 

Shoe 


A Pneumatic Plunger presses the trans- 
ducer shoe against the workpiece with a 
force regulated via the applied pressure, 
while a compliant mount accommodates 
misalignments and irregularities. 
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Safety Cables as Substitutes for Lock Wires 

With the help of special tools, the cables can be installed more quickly and easily. 
Marshall Space Flight Center, Alabama 



The Safety Cable in this installation prevents loosening of three fasteners. 


Commercially available safety cables 
have been proposed as substitutes for 
the lock wires (safety wires) that are used 
to prevent loosening of nuts and bolts at 
critical locations in aircraft engines and 
other assemblies. These cables might 
also be useful as substitutes for the 
bendable washer tabs that are some- 
times used for the same purpose. 

In the original application that inspired 
this concept, two or more parts in the 
space shuttle main engine are secured 
together with safety wire in such a way 
that any tendency of a fastener to loosen 
is counteracted by additional tightening 
of the wire. Unfortunately, the procedure 
for using safety wire in this application 
requires at least 1 6 hours of training and 
is cumbersome in that it involves twist- 
ing a single wire in a prescribed pattern 
while keeping the wire in proper tension. 
Removal of the safety wire requires sev- 
eral cuts of the wire, thus creating for- 
eign-object damage. 

The commercial safety cables are 3 x 7 
stranded cables of 0.032-in. (0.8-mm) 
diameter and are supplied in lengths of 1 2, 
18, 21 , and 24 in. (30, 46, 53, and 61 cm, 
respectively). A swaged fitting is installed 
on one end of each cable at the factory. 


In a given installation (see figure), a 
cable is strung through the fasteners in a 
direction which will provide positive pull 
on the fastener should it rotate. A ferrule 
is then installed on the free end of the 
cable by use of a special tool that ten- 
sions the cable, crimps the ferrule, and 
cuts off the remaining free length of 
cable — all in one stroke. To make it 
possible to remove the cable, all one 
need do is cut the cable at any single 
point along its length. 


In comparison with the use of lock 
wires, the use of the commercial safety 
cables reduces installation time by more 
than half and rework time by more than 
70 percent. It also requires only ten min- 
utes of training. 

This work was done by Jeff L. Beck 
and Danny G. Syto of Rockwell 
International Corp. for Marshall Space 
Flight Center. No further documenta- 
tion is available. MFS-30070 


Improved Sealing of Li/Polymeric-Electrolyte/TiS 2 Cells 

A cheap thermoplastic polymer prevents leakage between terminal tabs and cell envelopes. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved method of sealing has 
been devised for use in the fabrication 
of lightweight Li-anode/polymeric-elec- 
trolyte/TiS 2 -cathode electrochemical 
cells. These are rechargeable cells 
being developed for use in spacecraft, 
military, communications, automotive, 
and other applications in which high 
power and energy density are needed. 

The figure shows an experimental cell 
of this type. Fabrication of such a cell 
involves (1) sandwiching the anode, 
cathode, and electrolyte materials 
between stainless-steel current-collec- 
tor foils with terminal tabs, (2) inserting 
the sandwich through the open edge of 
a rectangular envelope that has been 
heat-sealed on three of its four edges 
and that is made of an aluminum foil 
laminated between layers of polyethyl- 
ene, (3) heat-sealing to close the open 
edge of the envelope, including heat- 



This Experimental Li/Polymeric-Electrolyte/TiS 2 Cell is a prototype of a class of light- 
weight, high-energy-density rechargeable cells. The cell envelope is about 4 in. (about 10 cm) 
square and about 0.032 in. (about 0.8 mm) thick. Its theoretical capacity and open-circuit 
potential are about 60 mA-h and 2.7 V, respectively. 
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hstReasonYou Ever Had 

to Clean Outihe rats nest. 



Now, you can manage hundreds of 
signal channels with simple program- 
ming. Connect them. Change them. 
Verify them. A few minutes does it. 

Forget the hours and expense of 
hand patching. Enjoy the computer 



Precision Programmable Patch 


control you demand for all your other 
instruments with the Precision 
Programmable Patch. 

We customize the Precision Patch 
to your work, using standard hardware. 
Up to 50,000 crosspoints. Random 
access for your signal channels. Bank 
switching if you wish. Reed relays 
or solid state. We make the Patch fit 
your needs today, but expandable for 
tomorrow. Hirnkey, of course. With 
all the performance you expect of 
Precision Filters. 

Let us give you the details in terms 
of your signal patching. Call, write or fax. 
We ll help you clean out old problems. 



PRECISION FILTERS, INC. 

240 Cherry Street, Ithaca, New York 14850 
607-277-3550 Fax 607-277-4466 


For More Information Write In No. 655 







sealing the terminal tabs to that edge 
where they pass through from the inside 
to the outside, and (4) final heat-sealing 
of an evacuation port while drawing a 
vacuum through that port. Previously, 
leaks developed in the seals around the 
terminal tabs, because of lack of bond- 
ing between the terminal tabs and the 
polyethylene laminates. 

The improved method of sealing is 


similar to a previous method except that 
before assembling the cell, a commercial 
waxy thermoplastic polymer (Kodak A- 
1675 or equivalent) is dissolved in cyclo- 
hexane, the solution is applied to the ter- 
minal tabs, and the cyclohexane is 
allowed to evaporate. The resulting thin 
polymeric coats adhere strongly to the 
terminal tabs. These coats also adhere 
to the polyethylene envelope material 


during subsequent heat-sealing, so that 
vacuum-tight seals are formed. 

This work was done by Evan Davies, 
David H. Shen, and Ganesan 
Nagasubramanian of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information, write in 49 on 
the TSP Request Card. A/PO- 19216 


Making Ion-Accelerator Grids From 
Carbon-Fiber-Tape Preforms 

Flatter and stiffer grids are sought. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 



An Ion-Accelerator Grid can be made from carbon/carbon composite material. Fabrication 
begins with stacking of unidirectional-carbon-fiber tape in layers with orientations in a 
sequence of [0°, 60°, -60°] to match the orientations of rows of holes to be machined later. 


Ion-accelerator grids have been fabri- 
cated from carbon/carbon composite 
material by using unidirectional-carbon- 
fiber tape as the starting material. The 
reason for using the tape (instead of the 
woven carbon-fiber cloth that was used 
previously) is that the tape offers the 
potential for making smoother, flatter 
grids. Carbon/carbon grids are being 
developed as alternatives to molybde- 
num grids, which have been found to 
wear out quickly and to become so dis- 
torted by differential thermal expansion 
during operation that operating efficien- 
cy is degraded. 

Early tests have shown that 
carbon/carbon composite grids last 
about ten times as long in operation as 
molybdenum grids do. Moreover, 
because of the low and even negative 
thermal expansion of carbon/carbon 
composite grids, thermal distortion is no 
longer large enough to cause appreciable 
loss of efficiency. However, carbon/car- 
bon grids made from woven carbon-fiber 
cloth (the conventional preform material) 
have been found not to exhibit the flat- 
ness and stiffness needed to maintain the 
precision required for ion optics. 

Unidirectional-carbon-fiber tape offers 
several advantages over woven carbon- 
fiber cloth: it provides greater flexibility in 
orientation of fibers, is thin enough that it 
can be stacked in multiple thin plies to 
fabricate thin parts with properly bal- 
anced layups, and is amenable to for- 
mation of a much smoother surface than 
is achievable with woven preforms. The 
use of unidirectional-carbon-fiber tape 
as the preform material was introduced 
in the fabrication of prototype car- 
bon/carbon composite grids that were 
required to have thickness of 0.016 in. 
(0.41 mm) and flatness within ±0.001 in. 


(±0.025 mm). The prototype grids were 
also required to exhibit maximum flexur- 
al stiffness along rows of holes in a 
hexagonal pattern. 

The fabrication process devised to 
satisfy these requirements began with 
balanced layup of the unidirectional- 
fiber tapes, with fibers in successive 
layers oriented in a sequence of [0°, 
60°, -60°] so that the fibers in each 
layer were parallel to one of the rows of 
holes (see figure). Following layup, the 
carbon blanks were held in fixtures that 
allowed gases to pass through. The fix- 


tured blanks were subjected to cycles 
of chemical-vapor infiltration and heat 
treatment to a temperature of 3,000 °C 
to obtain carbon/carbon composite 
material of maximum stiffness. There 
was also a long heat treatment at 2,200 
°C to relieve stresses in the blanks 
while they were held flat. 

This work was done by D. Kyle Brown, 
Charles E. Gamer, and Juergen Mueller 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 93 on the TSP Request Card. 
NPO- 19540 
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Complete 

Containment for corrosive 
and hard-to-handle fluids 

PFA Fittings, Tubing, and Valves from 
the SWAGELOK companies let you design 
leak-tight systems from start to finish. 


SWAGELOK® PFA Tube Fittings 

■ Leak-tight seals 

with high pressure capability 

■ 1/4", 3/8", and 1/2" sizes 

■ Pressures to 275 psig 

SWAGELOK PFA Tubing 

■ 1/4", 3/8", and 1/2" sizes 

■ 0.062" wall thickness 

■ 50 ft. and 100 ft. lengths 

SWAGELOK Groove Cutter 


WHITEY^ PFA Valves 

Needle 

■ Roddable, straight-through 
orifice for easy cleaning 
and high flow (C v ’s to 1.39) 

■ 1/4", 3/8", and 1/2" SWAGELOK 
Tube Fitting end connections 

■ Plug tip stem ensures leak-tight 
shut-off and offers flow control 

■ Positive stem stop prevents 
accidental disassembly 

■ Panel mountable 



Grooved Tubing Design 
allows for higher working 
pressure. 


No visible gap between 
nut and body hexes - with 
hexes aligned- ensures 
proper makeup. 


Plug 

■ 1/4 turn actuation 

■ Easily cleaned or purged 

■ Full flow design (Cv = 1.8) 

■ Compact 

■ 1/4" SWAGELOK Tube Fitting 
end connections 

■ Pressure rating 60 psig 

■ Temperatures to 200°F 


For grooving PFA Tubing used in 
SWAGELOK PFA Tube Fittings. 


■ Patented stem seal eliminates 
leakage and requires less 
operating torque 

■ Pressures to 180 psig 

■ Temperatures to 300° F 




r-ra 


the 
SWAGELOK 
companies 


SWAGELOK Co. 
Solon, OH 44139 


€ 1993 SWAGELOK Co. * rt*r*d FSTHW 



Ternary-Gas Plasma Arc Welding 

Shielding and plasma gases are joined by a third, stabilizing flow. 
Marshall Space Flight Center, Alabama 


Ternary-gas plasma arc welding, as its 
name suggests, is a plasma-arc-welding 
process in which three streams of gas 
are directed toward the workpiece 
through various orifices in the welding 
torch (see figure). The ternary-gas con- 
cept is applicable to both direct-current 
straight polarity and variable- polarity 
welding modes, both with and without 
keyhole penetration. 


Third Stream: Inert or 
Semireactive Gas 



A Third Gas Flows Through the Hollow 
Welding Electrode, helping to produce a 
stiffen narrower welding arc. 


The first stream consists of an inert 
gas that flows over the welding elec- 
trode and is used to create the welding 
arc. The second stream consists of an 
inert gas that flows through a cup that 
surrounds the welding electrode. This 
stream constricts the welding arc to a 
narrow column, provides some control 
over weld penetration, and augments 
the shielding effect of the first stream, 
helping to surround the hot weld zone 
with an inert atmosphere to prevent oxi- 
dation and contamination. The third 
stream consists of a gas that flows 
through the welding electrode (which is 
made hollow for this purpose) into the 
plasma zone. 

The innovative feature of this process 
lies in the incorporation of the third 
stream. This stream acts in conjunction 
with the second stream in helping to 
maintain a straighter, narrower, more 
stable arc. In effect, it helps to stiffen the 
arc, making it less subject to skewing 
and to distortion of its symmetrical 
shape. In doing these things, the third 
stream should increase weld penetration 
at any given current setting. The third 
gas can be a single gas or a mixture and 
can be inert or semireactive, depending 
on the application. 

In comparison with other plasma arc 
welding processes, the ternary-gas 
plasma-arc-welding process is expect- 
ed to be less dependent on the techni- 
cian’s skill and to be capable of joining 


Process for Making Small Quantities 
of Refractory Tiles 

John F. Kennedy Space Center, Florida 


A process for making small quantities 
of fibrous refractory ceramic tiles at 
Kennedy Space Center has been devel- 
oped by modifying a larger-scale labora- 
tory tile-production process established 
at Ames Research Center. The process 
is designed expressly to produce tiles 
economically for use in maintenance of 
the outer layer of thermal insulation on 
the space shuttle. The process can also 
be used to make blocks of commercial- 
grade refractory materials with proper- 
ties tailored to specific applications; e.g., 
for use in calcining trays, kiln furniture, 


kiln hearths, and machine setters. The 
raw materials used to make the refracto- 
ry tiles are silica and aluminoborosilicate 
fibers, silicon carbide, ammonium 
hydroxide, and water. The major steps in 
the process are (1) blending lots of raw 
materials to obtain consistent proper- 
ties, (2) chopping and compressing 
fibers into blocks of consistent dry den- 
sity and fiber orientation, (3) consolida- 
tion of blocks by sintering at high tem- 
perature, (4) trimming to final dimen- 
sions, and (5) testing to ensure compli- 
ance with specifications. 


thicker materials with relatively low heat 
inputs. It is also expected to yield more 
desirable and consistent mechanical 
and physical properties, including fewer 
defects and greater ultimate tensile 
strength. It is expected to be more eco- 
nomical and efficient because of the 
reduced incidence of defects and 
because welding can be done faster. 

Ternary-gas plasma arc welding is ex- 
pected to be particularly suitable for 
workpieces made of aluminum alloys 
and for which preserving as much as 
possible of the strength of the base 
material is a major concern. Ordinarily, 
aluminum base material retains only 50 
to 65 percent of its strength after weld- 
ing. With the narrower weld bead and 
heat-affected zone and controlled pene- 
tration of the three-gas process, the 
postwelding ultimate strength of the 
base material is expected to be a 
greater fraction of its prewelding value. 

This work was done by Daniel J. 
Rybicki and William F. McGee of Martin 
Marietta for Marshall Space Flight 
Center. For further information, write in 
20 on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,399,831). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Marshall Space 
Right Center; (205) 544-0021. Refer to 
MFS-28857. 


This work was done by Bruce V. 
Lockley of Kennedy Space Center 

and Jeffrey A. Andress, Stamatios 
Hadoulias, Gerald K. Marshall, Daniel 
E. Rhyne, Clarence D. West, Daniel J. 
Whitacre, and Martin J. Wilson of 
Rockwell International Corp. For further 
information, write in 67 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Kennedy Space Center; (407) 867- 
2544. Refer to KSC-1 1839. 
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Ultrasonic Impact Grinding for Making Ion-Accelerator Grids 

High-quality holes are formed in carbon/carbon sheets. 

NASA's Jet Propulsion Laboratory, Pasadena, California 



HOLE MADE BY LASER DRILLING HOLE MADE BY WATER-JET BLASTING 


Holes Made by Ultrasonic Impact Grinding are superior to those made by other techniques. 


Ultrasonic impact grinding has been 
found to be a suitable technique for 
machining holes in carbon/carbon 
sheets to make grids for ion accelera- 
tors. The holes made by ultrasonic 
grinding have smooth, straight walls with 
well-defined, sharp edges (see figure). 

Heretofore, ion-accelerator grids 
have been made of metal. The use of 
carbon/carbon grids is a subject of 
continuing research in an effort to 
increase the lifetimes and improve the 
performances of future ion accelera- 
tors. Fabrication of such a grid typical- 
ly involves drilling several thousand 
closely spaced holes between 1 and 2 
mm in diameter. 

Because carbon/carbon is relatively 
chemically inert, etching is not a suitable 
technique for making the holes. Conven- 
tional mechanical drilling may lead to 
breaking away of the webbing material 
between the holes, in particular for 
open-area fractions of 70 percent or 
higher. This is caused by fibers getting 
caught in the drill and being pulled out of 
the surrounding matrix material. Laser 
drilling can be used, but it yields holes 
with craterlike shapes. Worse yet, water- 
jet blasting causes large chunks of 
material to break away, yielding holes of 
poor quality. 

In ultrasonic impact grinding, an abra- 
sive slurry is introduced into the region of 
contact between a cutting tool and a 
workpiece, and vibrations with ampli- 
tudes of the order of hundredths of a 
millimeter and frequency of the order of 
20 kHz are induced in the tool by use of 


a piezoelectric or electromagnetic trans- 
ducer excited by a signal at that fre- 
quency. The vibrations are transmitted 
from the tool to the abrasive particles, 
causing the particles to grind a hole in 
the workpiece. The outline of the hole 
makes a close match with the outline of 
the cutting tool. 


This work was done by Charles E. 
Garner and Juergen Mueller of Caltech 

for NASA’s Jet Propulsion Labora- 
tory. For further information, write in 
97 on the TSP Request Card. 

NPO- 19245 


Indium Bonding Without Flux 

Ductile flow of indium suffices to remove surface oxide. 
Lewis Research Center, Cleveland, Ohio 


Two workpieces made of similar or dis- 
similar metals or other materials can be 
joined by a solderiike bond or seal, using 
indium as the interfacial material. The art 
of indium bonding is not new; what is 
new is a relatively-low-temperature indi- 
um-bonding technique in which there is 
no need for acid-paste indium-soldering 
flux. The advantage of fluxless indium 
bonding is that the resulting joint is clean: 
heretofore, it has been necessary to 
clean off flux after indium soldering by use 
of 1,1,1-trichloroethane, which must be 


phased out by law because it contributes 
to depletion of ozone from the Earth’s 
upper atmosphere. 

The fluxless indium-bonding technique 
is based partly on the observation that 
pure indium is very soft, and when it flows 
under applied pressure, shear forces 
break up the surface oxide, exposing 
fresh indium. The freshly extruded indium 
forms bonds with the oxides at the sur- 
faces of the parts to be joined. 

In preparation for indium bonding by 
this technique, the parts to be joined are 


cleaned. Then a clean wire, ribbon, or 
preform of the required size and shape is 
placed in the specified bonding position 
between the parts. The parts are pressed 
together, squeezing the indium down to 
the desired thickness (see figure). 

A variation of the technique exploits 
the tendency of indium to enter into 
alloys with gold, nickel, and palladium at 
relatively low temperatures. One or more 
of these alloying elements can be plated 
onto the objects to be joined. Alter- 
natively, the alloying elements can be 
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applied by painting the bonding surfaces 
of the objects with organometallic inks, 
then heating the objects in a furnace to 
decompose the organic constituents and 
deposit the alloying metals. 

Once the bonding surfaces of the objects 
are coated with the alloying metaJ(s), a 
piece of indium is placed be-tween the 
objects as before, and the objects are put in 
a holder, which is placed in a heating fixture 
in a vacuum. The clamped objects are then 
heated in the vacuum until the indium com- 
pletely wets the bonding surfaces on the 
objects to be joined. 

The fluxless indium-bonding technique 
has been used in manufacturing a ring-laser 
gyroscope. With gold as the alloying ele- 
ment, aluminum/copper electrodes were 
indium-bonded to a ring-laser frame made 
of a low-thermal-expansion glass ceramic. 

This work was done by Benjamina G. 
Montoya of Rockwell International Corp. 
for Lewis Research Center. For further 
information, write in 69 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44 135. Refer to LEW- 15785/86. 
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Fluxless Indium Bonding can be done without heating or with heating in a vacuum, depend- 
ing on whether alloying coating layers are used. 


Technique Increases Precision in 
Machining a Compound Angle 

Angles are set in terms of Cartesian coordinates of tooling balls. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


A technique for setting up a workpiece 
to be milled at a compound angle is capa- 
ble of angular precision on the order of a 
few arc seconds. This degree of precision 
is equal to or greater than that achievable 
by two other familiar techniques, one of 
which involves the use of a dual sine 
plate, and the other of which involves the 
use of a sine plate on a rotary table. In 
addition, this technique easily allows for 
multiple setups on a single workpiece. 

In this technique, a first rotary table is 
mounted on the bed of a milling 
machine, and a second rotary table is 
mounted on the first rotary table with its 
axis of rotation nominally orthogonal to 
that of the first rotary table. A tooling 
plate with tooling balls is mounted on 
the second rotary table, and the work- 
piece is mounted on the tooling plate 
(see figure). The rotary tables are used 
as convenient means for adjusting the 
orientation of the workpiece to the 
desired compound angle, but the angle 
indicators on the rotary tables are not 



The Rotary Tables Are Adjusted until the measured heights of the tooling balls agree with 
computed heights for orienting the workpiece at a specified compound angle. 
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used as indicators for the final, fine angu- 
lar adjustment because they are not pre- 
cise enough. Instead, the final determina- 
tion of the orientation of the workpiece 
relative to the milling-machine bed is 
made from a combination of (a) the 
trigonometric relationships between the 
angular orientation of the tooling plate 
and the measured Cartesian coordinates 
of the tooling balls and (b) the locations of 
the tooling balls relative to the mounting- 
surface features of the workpiece, as 
determined in advance by inspection and 
precise measurement. 

In principle, at least three tooling balls 
are needed to establish the orientation of 
the tooling plate and workpiece. If 
desired, more can be used, in which 
case the redundant information from the 


additional ball(s) can be used to confirm 
the accuracy or reveal any errors, as the 
case may be, in the record of measure- 
ments on the other balls. 

For any given desired orientation of the 
workpiece, the tooling balls have unique 
Cartesian coordinates relative to a speci- 
fied origin. Typically, the origin lies on the 
surface of the milling-machine bed; the x 
and y axes are nominally horizontal and 
lie along and across the bed, respective- 
ly; and the z axis projects upward from 
the bed. The coordinates of the balls for 
each desired orientation of the workpiece 
can be obtained most conveniently by 
using a computer-aided-design program 
to implement the geometric relationships 
mentioned above in (a) and (b). In setting 
up the workpiece for milling, the rotary 


tables are adjusted, one at a time, to set 
each at its component of the required 
compound angle. The adjustments are 
complete when the measured Cartesian 
coordinates of the balls equal the com- 
puted values. In practice, once the dis- 
tances between the tooling balls have 
been established from the initial inspec- 
tion, it is usually not necessary to mea- 
sure the x and y coordinates of the balls 
during the setup procedure; measure- 
ment of z alone (by use of a height 
gauge) gives a sufficiently precise indica- 
tion of the compound angle. 

This work was done by Richard E. 
Fleischner of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 99 on the TSP 
Request Card. NPO- 19756 


Improved Weld-Filler-Wire Guide Tip 

A V-groove would keep wires of various diameters centered over weld seams. 
Marshall Space Flight Center, Alabama 


A proposed improved weld-filler-wire 
guide tip would feature a guide hole with 
V-groove sides instead of the customary 
circular-hole cross section with small dia- 
metral clearance (see figure). The V- 
groove guide tip would overcome two 
small but persistent disadvantages of 
customary guide tips; (1) the need to 
install a different guide tip when changing 
to a wire of different diameter and (2) the 
tendency of the wire to shift laterally with- 
in the diametral clearance, especially 
where the wire is bent or it is subjected to 
a lateral force, making it difficult or impos- 
sible to center the wire on the weld seam. 

The V-groove tip would accommodate 
wires of different sizes and would main- 
tain the lateral position of the wire consis- 
tently, so that less cross-seam adjust- 
ment would be necessary and more pre- 
cise positioning of the wire would be 


attainable. The angle of the V-groove 
would be chosen to prevent binding in 
the event that the wire expands or the 
guide contracts. The force on the wire 
from contact with the workpiece, or from 
a spring, roller wheel, or other device 
would keep the wire pressed against the 
sides of the V-groove, so that in the event 
of variations in the size of the wire on 
account of manufacturing tolerance or 
thermal expansion, the wire would simply 
move up or down the sides of the groove, 
the axis of the wire remaining on the mid- 
plane of the V-groove at all times. 

The sides of the V-groove would make 
contact with the wire along two lines 
instead of along only one line in a circular- 
hole tip. This doubling of the contact sur- 
face should provide better electrical con- 
nection — an advantage for “hot” -wire 
feeding and electrical wire-contact-and- 


dripping sensors. The doubling of con- 
tact surface should also reduce the rate 
of wear because the contact loads would 
be less concentrated. 

The only disadvantage of the proposed 
guide tip is that it would be more difficult 
to fabricate because unlike a circular 
hole, the V-groove hole could not be 
made by simple drilling. The V-groove 
would likely have to be made by electri- 
cal-discharge machining or broaching. 

This work was done by Stephen S. 
Gordon of Nichols Research Corp. for 
Marshall Space Flight Center. No fur- 
ther documentation is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-26343. 
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The Proposed V-Groove Tip would accommodate wires of various diameters, keeping them centered on the midplane of the V, whereas the 
wire can move off the midplane in a customary circular-hole tip. The dimensions shown here are for example only. 
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Hollow Silicone-Rubber Mandrels for 
Curing Composite Tubes 

Pressures no longer rise uncontrollably to excessive values. 
Goddard Space Flight Center, Greenbelt, Maryland 


Improved silicone-rubber mandrels 
have been devised to apply pressure to 
the inner surfaces of square-cross- 
section matrix/fiber composite tubes 
during the stage of fabrication in which 
the matrix material is heated to cure it. 
Previously, solid silicone-rubber man- 
drels were used for this purpose; 
because of the high rates of thermal 
expansion of silicone, it was difficult to 
regulate the pressures applied by the 
mandrels, and these pressures often 
rose uncontrollably to levels far in 
excess of those required. 

The improved silicone-rubber man- 
drels are made more compliant by 
making them hollow. Typically, this 
involves a square-cross-section axial 
hole (see figure). When a hollow man- 
drel expands during heating to the cur- 
ing temperature, it expands at the same 
rate as that of the solid mandrel, but the 
pressure it exerts on the composite is 
lower because the outer mandrel mate- 
rial is no longer trapped between the 
composite tube and a solid core. 
Instead, the mandrel is free to yield by 
collapsing into the square hole. The 
hole is sized so that the silicone rubber 
completely fills the hole just as the cur- 
ing temperature is reached. 


The square-cross-section composite 
tubes in the original application are to 
be incorporated into optical benches 
and truss structures with gusseted 
joints. These tubes are 6 ft (183 cm) 
long, 1 .75 in. (4.45 cm) square in cross 
section, and are made of epoxy matrix 
reinforced by graphite fibers, in a 16- 
ply nominal wall thickness of 0.080 in. 
(2.0 mm). Whereas the curing pressure 
ranged between 1 ,500 and 1 ,800 psi 
(10 to 12 MPa) with solid mandrels, it 
ranged from 50 to 150 psi (0.34 to 1 .0 
MPa) with hollow mandrels. The 
amount of resin lost during the cure 
was reduced from a typical value of 9 g 
with a solid mandrel to less than 1 g 
with a hollow mandrel. 

Square holes were found to work 
better than round holes for making 
square tubes. Round holes tend to col- 
lapse into ovals, leaving pairs of oppo- 
site sides of the tubes either too thick 
or too thin, with variations in thickness 
of as much as 0.020 in. (0.5 mm) 
between adjacent sides. Square holes 
collapse more consistently and uni- 
formly during the cure, leaving the 
sides only slightly thicker [by 0.003 to 
0.005 in. (0.08 to 0.13 mm)] on their 
center lines. The only advantage of 


solid mandrels over hollow ones is that 
the corresponding variations in thick- 
ness are slightly smaller, ranging from 
0.001 to 0.002 in. (0.025 to 0.05 mm). 

This work was done by James 
Parker, Peter Blake, Laurence 
Madison, and David Puckett of 
Goddard Space Flight Center. No 
further documentation is available. 
GSC-13696 


Silicone-Rubber Mandrel 



The Silicone-Rubber Mandrel Presses 
Outward against the composite tube in the 
mold used for curing. The hole in the man- 
drel allows the mandrel to collapse inward 
to relieve some of the pressure generated 
by thermal expansion of the mandrel 
against the tube and mold. 


Baffles for Autoclave Curing of Graphite/Epoxy Tubes 

Temperature gradients are reduced by using baffles to redirect the flow of heated nitrogen. 
Goddard Space Flight Center, Greenbelt, Maryland 


The figure illustrates the different 
flows of heated nitrogen in two ver- 
sions of an autoclave used to cure a 
graphite-fiber/epoxy-matrix compos- 
ite tube. The first version does not 
contain baffles. The second version 
contains metal baffles, which redirect 
and diffuse the flow along the length 
[6 ft (1 .8 m)] of a mold that holds the 
composite tube. 

In the absence of baffles, the hot 
flow is focused on the upwind (left) 
end of the mold, so that heating is 
more rapid in the upwind than in the 
downwind region of the mold and 
tube; the upwind end has been 
observed to be as much as 90 °F (50 
°C) hotter than the downwind end 


during initial heating. The large gradi- 
ent of temperature can lead to distor- 
tion of the tube and/or different parts 
of the tube being at different stages of 
cure. In the presence of baffles, the redi- 
rected and diffused flow provides more 
nearly even heating along the mold and 
tube, reducing the end-to-end tempera- 
ture difference to < 1 5 °F (< 8 °C). 

This work was done by James 
Parker and David Puckett of Goddard 
Space Flight Center. For further 
information, write in 61 on the TSP 
Request Card. 

GSC- 13698 



In the Autoclave Without Baffles, heated 
N 2 gas flows in a pattern that results in faster 
heating at the left end of the mold. In the 
autoclave with baffles, the flow of hot N 2 is 
directed more nearly evenly along the tube to 
even out the heating pattern. 
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Polishing Coated Turbine Blades 

Polishing increases turbine efficiency. 

Marshall Space Flight Center, Alabama 


An abrasive-flow machining process 
has been developed to polish thermal- 
barrier surface layers that have been plas- 
ma-sprayed onto turbine blades, which 
can have complex shapes. The insulating 
thermal barrier coatings mitigate thermal 
shock to the components, thereby reduc- 
ing the incidence of thermally induced 
low-cycle fatigue cracks and, conse- 
quently, prolonging blade life. The abra- 
sive-flow machining process produces 
the smooth blade finish needed for maxi- 
mum turbine efficiency and helps to pre- 
serve the lifetime-prolonging benefit of the 
coating layers by minimizing the amount 
of coating material removed in polishing. 

In the original application for which the 
abrasive-flow machining process was 
developed, the thermal-barrier coating lay- 
ers were applied by air plasma spraying to 
the blades of the high-pressure fuel turbo- 
pump in the main engine of the space shut- 
tle. The coating layers as sprayed exhibited 
surface finishes of > 500pin. (> 1 3 pm) root- 
mean-square (rms) roughness. The abra- 
sive-flow machining process was shown to 
be capable of polishing the entire airfoil sur- 
face of a blade (see figure) to a finish of 32 
pin. (0.8 pm) rms roughness. 

The process involves the use of a slurry 
composed of a polymeric compound 
laden with abrasive aluminum oxide, boron 
carbide, diamond, or silicon carbide. The 
polymeric compound can be adjusted for 
different viscosities to tailor the process to 
the component being polished. Different 
abrasive sizes are used to produce opti- 
mum polishing for the surface material, 
and precise tooling is necessary for uni- 
form polishing of the entire airfoil surface. 

The benefits of the combination of plas- 
ma spraying and abrasive-flow machining 



CoMng Afttr Surface Pcachw] to Surface *cwr at 2C to 40 ur 


Vacuum- and Air-Plasma-Sprayed Turbine 
Blades were polished by abrasive-flow 
machining. (Polishing was limited to airfoil sur- 
faces, there being no need to polish the 
shank portions of the blades.) 


of the thermal-barrier coating layers 
include not only smooth surface finish but 
also uniform coating thickness around the 
airfoil cross section. The abrasive-flow 
machining process can be used to polish 
coating layers that have been applied by 
either air or vacuum plasma spraying and 
that comprise either metals or metal/ 
ceramic composites. In the original appli- 
cation, the use of the polished coated 
blades increased the turbine efficiency at 


the rated power level by 2.5 percent in 
comparison with the efficiency obtained 
with unpolished coated blades. 

This work was done by Richard 
Holmes and Frank Zimmerman of 
Marshall Space Flight Center and 
Timothy N. McKechnie of Rockwell 
International Corp. For further information, 
write in 75 on the TSP Request Card . 
MFS-30082 
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HARMONIC DRIVE 
COMPONENT SETS 

Allows the design engineer to 
integrate the gearing directly into 
their equipment providing a 
compact, low weight solution. 






HARMONIC 
DRIVE GEARHEADS 

Shaft or flanged output 
members provides design 
flexibility, yet simplifies 
the design process by 
enclosing our component 
sets in housings with 
rigid output bearing sup- 
port. 


HARMONIC 
DRIVE ACTUATORS 

DC or DC brushless servo 
motors are matched to precision 
gearheads to produce an actuator 
with optimum performance. Integral 
encoders are used for position or 
velocity feedback. 


COMPLETE MOTION 
CONTROL SYSTEMS 

DC or DC brushless servo actuators are 
available with matched amplifiers and 
controllers allowing fast prototyping of 
your new design. 

...Reliability 
...Precision 
...Zero Backlash 



SYSTEMS 
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Quadratic-Programming Collision-Avoidance Algorithm 

Redundant degrees of freedom are exploited to satisfy obstacle-avoidance and other constraints. 
John F. Kennedy Space Center, Florida 


A quadratic-programming algorithm 
has been devised for controlling a multi- 
ple-joint robot arm in such a way as to 
simultaneously (a) make the end effector 
(the robot hand at the tip of the arm) fol- 
low a specified trajectory, (b) make the 
rest of the arm avoid obstacles in 
response to the outputs of proximity 
sensors at various locations along the 
arm, and (c) satisfy other constraints 
and/or requirements, which include lim- 
iting joint angles, avoiding motion singu- 
larities, and limiting speeds to safe val- 
ues. The algorithm exploits redundant 
degrees of freedom of the robot arm; for 
example, it can configure the arm to 
reach around an obstacle to put the end 
effector in a desired position and orien- 
tation. 

The general quadratic-programming 
(QP) problem is to find values of a set of 
variables (e.g., joint angles and veloci- 
ties) that minimize a quadratic cost func- 
tion, subject to a set of linear equality 
and inequality constraints. Robot-arm- 
motion-control terms that can be imple- 
mented in the QP approach include 
joint-spring and motion-minimizing 
terms, and terms that express con- 
straints and other requirements like 
those mentioned in the preceding para- 
graph. Priorities are assigned to the con- 
straints and requirements. Each term 
can be treated either as a constraint 
(e.g., a requirement to follow a com- 
manded trajectory precisely) or as a 
contribution to an optimization function 
(e.g., deviation from a commanded tra- 
jectory contributes to a quadratic cost 
function.) 

The algorithm is executed repeatedly 
in time steps. At each step, a QP prob- 
lem is formulated and solved for a set of 
incremental joint displacements, which 
are added to the joint positions comput- 
ed previously to obtain new joint posi- 
tions. The various motion-control terms 
can impose conflicting requirements. 
The conflicts are resolved partly by tak- 
ing account of the priorities in the con- 
straints; the constraints of higher priority 
get preference in the solution process. 

Collision-avoidance terms are treated, 
variously, as contributions to the cost 


function or as constraints at different 
times in the solution process. During 
approach to an obstacle, and while the 
arm is still at some distance from the 
obstacle, a repulsion term is first added 
to the quadratic cost function to tend to 
drive the approach point away from the 
obstacle. If the distance becomes too 
small, an inequality constraint of higher 
priority is added to stop the approach, 
maintaining a minimum specified dis- 
tance. In both cases, the terms are for- 
mulated in joint space by use of the 
Jacobian that relates the motion of the 
approaching point (e.g., the location of a 
sensor) to the joint motions. 

The present QP algorithm follows an 
approach similar to that of the simplex 
method for linear programming in that all 
equations are formulated in terms of a 
set of defining variables, and the solution 
process involves motion along con- 
straint surfaces, with swapping of defin- 
ing variables as different constraints are 
activated and rewriting of a derivative 
matrix at each step. Unlike in some 
other approaches, only a minimal set of 
coordinates is used; that is, there are no 
Lagrange or auxiliary variables. Priorities 
are defined for each constraint and 
determine which constraints take prece- 
dence when conflicts arise. The solution 
procedure satisfies as many constraints 
as possible, including optimality condi- 
tions, in order of decreasing priority. The 
algorithm efficiently handles all combina- 
tions of equality and inequality con- 
straints, including those with degenera- 
cies, overlaps, and conflicts. 

The algorithm begins by initializing a 
table that contains a row for each of N 
free variables, a row for the derivative of 
the quadratic cost function with respect 
to each variable, and a row for each 
equality and inequality constraint. The 
table includes one column for each free 
variable, as well as a column of residual 
quantities. For each free variable and 
derivative term, the residual quantity is 
defined as the value of that free variable 
or derivative term. For each constraint 
term, the residual quantity is indicated 
by how much the constraint is violated 
(a negative value indicates that the con- 


straint is not active). The free variables 
constitute the initial set of defining vari- 
ables and their initial values are set to 
zero. 

There follows a solution procedure 
that consists of the following steps: 

1 . Find the currently violated constraints 
of highest priority. 

2. Find which, if any, defining variable 
can be changed to satisfy the con- 
straint. 

3. Compute the maximum change in the 
selected defining variable before a 
constraint of the given or higher prior- 
ity is reached. 

4. Adjust the column of residual quanti- 
ties to reflect this change in the value 
of the defining variable. 

5. Change the defining variable to be the 
constraint that is reached, and 
update the matrix of derivatives to 
reflect the new set of variables. 

6. Change the rows corresponding to 
the derivatives of the cost function to 
provide the derivatives in terms of the 
new set of variables. 

These steps are reiterated until all 
constraints that can be satisfied are sat- 
isfied and there is no further room for 
optimization. The optimal values for the 
variables are given as the residual values 
in the first N rows of the final table. The 
residual values in the next N rows con- 
tain the derivatives of the quadratic cost 
function with respect to the final set of 
defining variables. 

This work was done by Mark M. 
Thomas of Merritt Systems, Inc., for 

Kennedy Space Center For further 
information, write in 22 on the TSP 
Request Card. 

In accordance with Public Law 96- 
SI 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Tom Pigoski 
Merritt Systems, Inc. 

435 Gus Hipp Blvd. Bldg. B 
Rockledge, FL 32955 
(407) 632-4968 

Refer to KSC-11807, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 
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The longer you put off buying a Storeplex portable data acquisition system , the more you risk missing out on vital information. 
/ With a 51.2 Mbit/s continuous rate , Storeplex can to acquire huge amounts of data at speeds considerably faster than your 
computer. / The 12GB capacity S-VHS cassette with 512:1 speed range cuts out preprocessing and gives you the flexibility 
to record all the data you could possibly need. / Storeplex offers unrivaled integrity of data capture , with built-in conversion 
and multiplexing for up to 64 mixed analog / digital channels - plus the means to transfer 
data direct to your computer via a SCSI-2 interface. / There's no time to lose so send for 
more details on the Storeplex range. Before your data bytes the dust. 

00003 Communicating through technology 

Racal Recorders Limited, Hardley Industrial Estate, Hythe, Southampton S045 3ZH. Tel: +44 (0) 1703 877000. Fax: +44 (0) 1703 848919. E-Mail: recorders@racalrec.co.uk 
Racal Recorders Inc , 15375 Barranca Parkway, Suite H-101. Irvine, CA 92718. USA. Tel: 714 727 3444/800 847 1226. Fax: 714 727 1774. E-Mail: recorders@usa.racal.com 
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Program for Simulation and Control of a 
Robotic Manipulator 

A common graphical user interface facilitates simulation or control in several operating modes. 
John F. Kennedy Space Center, Florida 


The Robotic Simulation and Develop- 
ment Environment (RSIM) computer pro- 
gram provides a comprehensive set of 
capabilities for simulating and controlling 
a kinematically redundant, multiple-serial- 
link robot arm. RSIM can be used, for 
example, to investigate layouts of robot 
work cells and kinematic designs of robot 
arms, to test robot-arm trajectories and 
trajectory-planning algorithms, and to 
train robot operators. RSIM is written in 
C++ and can be executed on a personal 
computer under a Windows operating 
system. The C++ implementation makes 
the software extendible, enabling users to 
readily incorporate custom software. 

RSIM provides for kinematic simula- 
tion of robot arms, multiple animated 
views of robot work cells, and real-time 
control of real robot arms that can be 
equipped with proximity sensors along 
their entire lengths (“whole-arm sensing 
systems”). RSIM features a common 
graphical user interface for simulation or 
for control of a real robot. RSIM accom- 
modates several robot operating modes, 
including modes characterized by joint- 
interpolated motions; modes that involve 
straight-line Cartesian motions; active 
collision-avoidance modes; and teleop- 
erator, repeller, and autonomous modes. 

The figure presents an example of a 
graphical user interface for a typical 
application. The command menus of the 
graphical user interface include standard 
“file” and “edit” menus; selections for 
creating and handling animated views; 
and commands that execute the simula- 
tion, control the robot system and oper- 
ate arrays of proximity sensors. Each 
animation window presents a picture of 
the robot and its environment from the 
perspective of a window or camera. 
Objects are depicted in simplified forms 
as solid-surface or wire-frame polyhedral 
models generated by use of efficient 
coordinate transformations. Hidden sur- 
faces are removed from pictures of solid 
models. The display is free of flicker. 

The parts of RSIM devoted to control 
and simulation enable kinematic and 
graphical modeling of general robotic 
manipulator arms with multiple rigid links 
in series with revolute joints, and can 
readily be extended to include joints of 
other types. RSIM can, in principle, 
accommodate multiple robots on moving 
bases (including robotic vehicles), but 
does not, at present, include means for 


specifying the motions of the bases. 
Descriptions of robot geometry, graphical 
representation, control parameters, and 
other data are stored in ASCII text files for 
generality and ease of use. For efficiency, 
a standard recursive approach is taken in 
computing forward kinematics. The 
graphical structure and objects of interest 
in each link in a robot arm are defined in 
terms of a reference frame fixed in the link 


and can readily be converted to world 
coordinates by use of a specification of 
the position and orientation of the link. 
The graphical representation of a link 
consists of a set of vertex points con- 
nected by line segments to form a wire- 
frame or solid-surface polyhedral model. 
Objects of interest in each link can 
include points and frames to which 
objects (e.g., cameras) are attached. 

RSIM can, if desired, be used to simu- 
late the operation of arrays of proximity 
sensors. In such a simulation, the dis- 
tances of closest approach between 
each sensor and any objects in the envi- 
ronment are computed: A bounding-box 
test is first done to prune the number of 
objects to be checked, and an efficient 
search algorithm computes the closest- 
approach vectors. If any distance of clos- 
est approach is less than the range of the 
corresponding sensor, a corresponding 


signal level is set for the sensor. 

The robot-control part of RSIM incor- 
porates an iterative collision-avoidance 
trajectory-generating algorithm described 
in the preceding article, “Quadratic- 
Programming Collision-Avoidance Algo- 
rithm” (KSC- 11807). The robot-control 
part of the software also interacts with 
the robot control equipment, getting 
information on the status of the robot 


and updating joint commands at the 
real-time data rate of the robot control 
loop. The software also operates the 
array of proximity sensors. 

This work was done by Mark M. 
Thomas of Merritt Systems, Inc., for 
Kennedy Space Center For further 
information, write in 72 on the TSP 
Request Card. 

In accordance with Public Law 96- 
SI 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Tom Pigoski 
Merritt Systems, Inc. 

435 Gus Hipp Btvd. Bldg. B 
Rockledge, FL 32955 
(407) 632-4968 

Refer to KSC-11808, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 



The Graphical User Interface of RSIM has a standard personal computer/Windows appear- 
ance and menu structure that, together, promote familiarity and ease of use. 
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“The Case of Indium Intrigue” 



“What has your 
investigation revealed. 
Holmes ?” 




t M 


“It’s elementary, > 

Watson. There‘s only one 
source for indium and that’s 
Arconium.” > 


One doesn’t need to be the world’s greatest sleuth to uncover the reasons why 
indium products from Arconium are the answer to many of today’s disparate R&D 
problems. 

This highly malleable, low melting point (156.7°C) metal provides numerous 
industries with the joining, coating, sealing, conducting, light filtering, plating and 
soldering solutions they’ve come to depend on. 

Whether your application requires indium based alloys, chemicals, oxides or 
salts, Arconium has the resources to fit your unique manufacturing requirements. 

Need more information? Then why not do a little detective w'ork yourself and 
call us today! 

^ARCONIUM 

Your Indium Resource 

50 Sims Avenue • Providence, Rl, USA 02909 • T: 800 / 343-0282 • 401/456-0800 • F: 401/421-2419 
Witmetaal Belgium N.V. • Molenberglei, 32 • B-2627 Schelle • Belgium 
Tel: 32-3-880-8745 • F: 32-3-880-8759 

Alpha Metals Limited • 1/F Block A • 21 Tung Yuen Street • Yau Tong Bay • Kowloon, Hong Kong 

T: 852-347-71 1 2 • F: 852-347-5301 
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Get the MIT 

Career 

Advantage 

Join the MIT 
Advanced Study 
Program 

The Advanced Study Program (ASP) 
gives you lifelong learning opportunities 
that will meet your needs at every stage 
of your career. On campus ASP Fellows 
will: 

> Gain new perspectives on 
emerging technologies 

> Learn from world-renowned 
MIT professors 

> Grow professionally through 
dynamic interaction with 
ASP Fellows from around 
the world 

> Pursue a planned course of 
study organized to meet 
your needs 

> Earn MIT credit for 
successfully completed 
coursework 

> Work on self-guided studies 
under close supervision of 
the MIT Faculty 

> Explore the rich set of 
educational and recreational 
resources at MIT 

ASP Fellows may choose from three 
semesters, Fall, Spring, and Summer 
Term. You will have an on-campus office 
plus access to private computers, a 
videotape library, and all MIT facilities. 


Do it From Your Workplace 

Our Virtual Campus Learning System™ 
allows you to complete the Advanced 
Study Program from your workplace. 
With groups of fifteen or more, the ASP 
Virtual Campus provides a cost effective 
way to attend MIT remotely. 

Get the edge you and your organization 
need to compete in the next century. Call 
or write today and enroll in the MIT 
Advanced Study Program. 


Diana V. Garcia-Martinez, Director 
Advanced Study Program 

77 Mass Ave., Rm. 9-335 
Cambridge, MA 02139-4307 
WWW: http://www-caes.mit.edu 
Email: CAES-ASP@mit.edu 
Phone: (617) 253-6128 
Fax: (617) 258-8831 


TANPO Map 

Data for computerized rendering of stereoscopic views are 
organized for efficient access. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A scheme for organizing data on ter- 
rain-surface coordinates provides a 
compact representation of, and fast 
access to, these data for purposes of 
computerized rendering of stereoscopic 
images of the terrain as viewed by two 
cameras on a platform at a fixed location 
above the terrain. The scheme is called 
the “tangential polar map” (“TANPO 
map,” for short) because it is based on 
the innovative concept of tangential 
polar coordinate systems described 
below. 

A tangential polar (or TANPO) coordi- 
nate system is constructed around the 
camera orbit, which is a circle of radius 



Figure 1. A TANPO Coordinate System 

bears some resemblance to a polar coordi- 
nate system in that it involves a range and an 
angle coordinate, but differs from a polar 
coordinate system except when L = 0. 


L , on which the two cameras are mount- 
ed at diametrically opposite points. Both 
cameras face in the same horizontal 
direction, which is perpendicular to the 
diametral line between them. In a 
TANPO coordinate system, a point out- 
side the camera orbit in the horizontal 
plane that contains the cameras is rep- 
resented as P(r,G), where r is the length 
of a line through the point tangent to the 
camera orbit, and 6 is the angle between 
this line and a reference direction. Figure 
1 illustrates a left TANPO coordinate 
system, which is applied to the left cam- 
era; a similar right TANPO coordinate 
system is applied to the right camera. 

In this scheme, each view intersects 
only a small range of 8, and each view- 
ing ray converges to a constant - 8 line 
very fast. Initially, the terrain data are rep- 
resented as a height field sampled along 
r and 8. Therefore, the data base is a 
regular two-dimensional array and 
access to the data is generally provided 
along 8. The TANPO representation 
inherently accommodates the resolution 
requirements at all distances with a 
compact structure that can easily fit in 
the main memories of parallel comput- 
ers. It also provides excellent locality for 
the data-access pattern of an image- 
rendering algorithm, so that there can be 
a close match between the data decom- 
position and the task decomposition. 
These features contribute to efficient 
access to terrain data and can be 
exploited to accelerate the rendering 
process by use of parallel processing. 
Even on a single data processor, the 
TANPO representation uses the memory 
hierarchy efficiently. 



Figure 2. This Stereoscopic Pair of Images was rendered by the STREN computer program, 
using the TANPO map to represent terrain data abstracted from Viking lander images of the 
surface of Mars. 
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The TANPO map has been used to structure the database of 
STREN, which is a parallel -processing computer program that 
renders stereoscopic views of terrain by use of the ray-casting 
method (see Figure 2). The TANPO map can also be used as a 
basis for stereo environment maps to support image-based 
stereo rendering application programs. 

This work was done by Ansel Teng of Caltech for NASA’s Jet 
Propulsion Laboratory For further information, write in 23 
on the TSP Request Card. 
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Electronic 

Data-Management System 
for Asbestos Survey 

Data are organized in standard formats and 
made easily available. 

John F. Kennedy Space Center, Florida 

A system of computer hardware and software has been 
devised for use in surveying the asbestos contents of buildings 
at Kennedy Space Center. This is a partly automated, paper- 
less system that replaces an older system in which inspectors 
made records on paper forms, and written reports of inspec- 
tions were mailed to engineering and maintenance organiza- 
tions. The system has obvious potential for adaptation to sur- 
veys of other large facilities constructed with building materials 
that contain asbestos. 

The older paper-based system was inefficient in that reports 
were not available immediately after inspections, and inspec- 
tors had less time to spend performing inspections because 
they had to spend considerable time writing the inspection 
reports. Moreover, it was difficult to cross-reference and main- 
tain paper files. Even in cases in which inspections had previ- 
ously been performed, it took days to weeks to provide infor- 
mation because it was necessary to retrieve information from 
paper files, then write and mail reports. In addition, photo- 
graphic documentation was not feasible because of a lack of 
means for fast reproduction of photographs for inclusion in writ- 
ten reports. 

An inspector performs a survey according to asbestos-sam- 
pling rules prescribed by the Environmental Protection Agency. 
The inspector enters inspection data on a laptop computer; the 
data include the identity of the building, the room number, and 
the identity of each building material of interest. The inspector 
uses a computer-generated room grid to record the location of 
each identified material in a room; this technique expedites 
identification and location of materials of interest for subse- 
quent closer inspection and sampling. Samples of materials of 
interest are sent to a laboratory for analysis of asbestos content 
by use of polarized-light microscopy. The inspector records the 
condition (including friability) of each material of interest, the 
asbestos content (if known) of the material, and an assessment 
of the hazard posed by asbestos if the material is friable. 

Using an electronic still camera, the inspector takes digital 
photographs of materials suspected of containing asbestos. 
Digital photography offers several advantages over convention- 
al film photography in this application; It is not necessary to 
process photographic film; the images are available immediate- 
ly; the images can be digitally linked with the other inspection 
data on the building, room, and materials of interest; and the 
images can be readily transmitted and displayed electronically. 



ELECTROID 

PULSE-OPERATED 
BI-STABLE BRAKES 


Patented 


Pulse Operated Bi-Stable Brakes require 
NO CURRENT to hold either the ON or OFF position. 
Suitable for any battery powered or low current 
supply application requiring a brake.. .AGVs, wheel 
chairs, robots, aircraft actuators, electric forklifts, etc. 


ELECTROID COMPANY 

A DIVISION OF VALCOR ENGINEERING CORP. 

45 Fadem Road. Springfield. NJ 07081 
201/467-8100 Fax: 201/467-5656 
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MoDOCK™ 

Mobile Docking Station 

Converts notebook PC into a reliable 
high performance DAQ system. 



Robust 

• proprietary shock and vibration damping 

Lightweight 
Simple Docking 

• patented foolproof locking and clamping 

• up to 10 ISA boards easily and securely mounted 

Spectra Quest Inc. phone: 804-270-941 1 

p.O. Box 5423 tax: 804-270-9419 

Glen Allen VA 23060 info@spectraquest.com 
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For the tightest installations, Kaman's 0.080-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non- 
magnetic materials, this sensor is only one of 
Kaman's 24 standard sensors that let you see small 
changes in position. Call us today for information. 


Kaman Instrumentation, 1500 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
Voice 719-599-1132, Fax 719-599-1823 

Internet: http://wvsrw.kamansensors.com/kaman 


800-552-6267 


KAMAN 


The data collected on the laptop computer and the digital 
photographs are downloaded to a desktop computer, wherein 
they are combined with the laboratory-analysis data. The com- 
pleted survey information is then transferred to a file server for 
distribution to authorized users on the Internet. By entering the 
name of the building and the room number, a user can obtain 
information on the materials present in the room, view pho- 
tographs of materials suspected of containing asbestos, can 
learn whether the material contains asbestos and whether it is 
friable, and can read an assessment of the risk posed by asbes- 
tos in the room. The data-automation system described here 
has potential for a wide array of commercial applications. With 
a few modifications, it could be used on other building-related 
inventory-management systems. 

The Facility Asbestos Management System (FAMS) © 1995 
EG&G Florida, Inc., was developed by Larry D. Jewell, Steven 
W. Brown, Meredith R. Caukin, and James R. Taffer of EG&G 
Florida, Inc., for Kennedy Space Center. For further informa- 
tion, write in 44 on the TSP Request Card. 
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Algorithm for 
Proximity Detection on 
Parallel Processors 

This algorithm helps processors track many 
moving objects and sensors. 

NASA’s Jet Propulsion Laboratory, 

Pasadena, California 

The Distribution List algorithm has been developed for use in 
proximity detection in parallel-processing computer simulations 
of movements of, and interactions among, a number of 
objects. The algorithm was originally intended for use in distrib- 
uted interactive simulations of military situations like encounters 
of aircraft and missiles; it is also adaptable to virtual reality, sim- 
ulation of colliding space debris, biological models, and models 
of particles interacting via short-range forces. 

The algorithm is defined with respect to objects of two class- 
es called “movers” and “sensors” (a mover can also be a sen- 
sor). The algorithm provides, to each participating sensor, con- 
tinuously updated information on the locations and movements 
of the movers. The simulated space that contains the movers 
and sensors is represented by grids. Movers check in and out 
of grids while moving sensors periodically inform the grids of 
their coverage. Fixed sensors inform the grids only once, dur- 
ing initialization. Each grid manages a list of movers and a list 
of sensors operating in its space. The grids do not interact with 
each other. 

The Distribution List algorithm is so named because each 
mover and sensor maintains a distribution list. In the case of a 
mover, the distribution list is a list of sensors that might detect 
its motion and that therefore need its equations of motion. 
When a mover checks into a new grid, it simultaneously checks 
out of its old grid. The new grid informs the mover of its current 
list of sensors so that the mover can update its distribution list. 

Similarly, each sensor maintains a distribution list of grids 
within its coverage. When a sensor updates its coverage, it 
sends messages to new grids that are now in its coverage and 
to old grids that are no longer in its coverage. The grids then 
relay this sensor information to the movers in their mover lists 
so that the movers can update their distribution lists of sensors. 
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DIAGNOSTICS/ACQUISmON SYSTEM 

Up to 1 6 Real and Virtual 

Data Evaluations ■ FFT ■ 


G raphtec again reduces the weight, 
size and cost of data diagnostics 
and acquisition instrumentation. With 
the most portable and versatile system 
available anywhere. 

The WR9000 is available for 4, 8 or 16 
channels. Multi-input amplifiers 
measure voltage, J/K/T thermo- 
couples, or RMS level. Mix or match 
them with others to extend your 
inputs to bridge and frequency 
transducers. And use its math 
utilities and interchannel analysis 
capabilities to create virtual channels 
that greatly improve your real-time 
diagnostic capabilities. 

Store sound, vibration and other 
dynamic phenomena for immediate 
FFT and correlation analysis. 
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WR9000S 

small footprint 
and low profile 
suit it ideally to 
field measurements. 
And to portable use in the 
laboratory or on the factory 
loor. It measures less than 15“ x 
x 5" and weighs only 17.5 lbs 



Scroll through your data and define 
segments for instant calculation of 
area, max/min/rms values, standard 
deviation, and rise/fall times. 

Use SMART triggering and available 
16-channel TTL logic to analyze 
transients, evaluate cyclical operations, 


summarize process 
variables, or interface with 
external controlS^MI in real time. With 
a system you can rarry under your 
arm. 

Use the WR9000S file conversion 
software to merge your data on-the- 
spot with programs such as Microsoft 
Excel, Lotus 1-2-3 and DADISP. 

Take advantage of a bright 8.9-inch EL 
display that is easy to read from any 
angle and under any lighting condition. 
Use the A-4 thermal array chart for 
local printout. 

Use 51 2K of memory per channel, or 
reallocate to expand selected mea- 
surements. Standard 3.5“ floppy drive 
or optional magneto-optical drive 
provides additional storage. 

Control amplifier parameters and chart 
operation from a menu screen or GUI. 
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(8-channel), and operates on AC or 
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multiple instruments. Make your 
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On top of it 


Equation-of-motion managers (EOMANs) distribute the equa- 
tions of motion of the movers to sensors represented in their 
local computing nodes (see figure). There are several EOMANs 
in each node so that a single EOMAN does not become a bot- 
tleneck for transfer of information. A mover chooses an EOMAN 
by use of a modular-arithmetic hashing scheme, then sends its 
equations of motion to that EOMAN. 



In a Representative Update of Grid Coverage, a sensor finds that 
it has two new grids in its coverage and two old grids that are no 
longer in its coverage. These grids relay the sensor information to 
their movers, which then update their EOMANs in the computing 
node in which the sensor is represented. T denotes the total look- 
ahead delay in units of simulation time. 

The Distribution List algorithm implements a look-ahead 
approach such that risk-free synchronization strategies never 
roll back grid events. In this look-ahead approach, fixed delays 
are added as events are scheduled for objects on other nodes. 
Zero delays are allowed for events scheduled between objects 
on the same node. As a result, sensors receive updates in some 
specified number of units of simulation time after a mover deter- 
mines that it is in a new grid. To compensate for the delay, each 
sensor must extend its coverage by an amount equal to the dis- 
tance traveled by the fastest mover during the delay time. 

In a demonstration, The Distribution List algorithm was used 
in a simulation of 800 ground radars, 947 commercial aircraft, 
and 173 military aircraft flying randomly about the Earth. A grid 
size of 500 km was used to match typical sensor coverage. A 
total of 2,212,676 events were processed with only one roll- 
back (repetition of simulated event because of excessive 
delay). Only 34,437 messages were transferred between 
nodes, indicating that the algorithm maintains a good balance 
of events among grids. 

This work was done by Jeffrey S. Steinman of Caltech and 
Frederick P. Wieland of MITRE Corporation for NASA’s Jet 
Propulsion Laboratory For further information, write in 45 

on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, NASA Resident Office-JPL; (818) 354- 
SI 79. Refer to NPO- 19423. 
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Algorithms for Parallel Signal Processing on 
CCD/CID Devices 

These algorithms are designed to exploit the massive parallelism afforded by 
CCD/CID hardware. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Massively parallel signal-processing 
algorithms for implementation on 
charge-coupled-device/charge-injec- 
tion-device integrated circuits (CCD/CID 
ICs) have been developed. CCD/CID 1C 
processors are matrix-array analog 
devices that are especially well suited for 
performing matrix-vector multiplications. 
Examples of CCD/CID processors were 
presented in “CCD/CID Processors 
Would Offer Greater Precision" (NPO- 
18972), NASA Tech Briefs , Vol. 19, No. 
10 (October, 1995), page 38. The pre- 
sent algorithms differ from older signal- 
processing algorithms in that they have 
been specifically designed to take full 
advantage of the massive parallelism 
afforded by CCD/CID hardware: they 
offer the potential for optimal efficiency, in 
terms of minimizing both processing time 
and circuit area on CCD/CID 1C chips. 

The algorithms implement convolu- 
tions and various discrete transforms 
that are often used in processing sig- 
nals. These transforms include the dis- 
crete Fourier transform (DFT), the dis- 
crete cosine transform (DCT), and the 
discrete Hartley transform (DHT). The 
algorithms take advantage of the ability 
of CCD/CID chips to perform ma- 
trix-vector multiplications in minimal pro- 
cessing times of 0(1), that is to say, the 
processing times are independent of the 
sizes of the vectors and matrices. In 
contrast, the corresponding serial-pro- 
cessing algorithms for matrix-vector 
multiplication entail processing times of 


0(N2), where N is the number of dimen- 
sions of the vector space in question. 

The real DHT was used as the main 
kernel in developing the algorithms. The 
DHT can be formulated as a simple 
matrix-vector multiplication and thus can 
be computed in a time of 0(1). By use of 
two CCD/CID chips, one can compute 
both the real and imaginary parts of a 
DFT (see figure) in a time of 0(1). 



Two CCD/CID Chips can compute the real 
and imaginary parts of f, the discrete Fourier 
transform of the vector g. The chips perform 
the matrix-vector multiplications Re(f) = (P + 
l)Hg/2 and lm(f) = (P - l)Hg/2, where H = 
[hrnn] = (1/N)[cos {2nmn/N) + sin(27U77n/A/)] is 
the matrix of the N x N DHT and P is a per- 
mutation matrix. 


Perhaps the most interesting develop- 
ment, however, is the use of the real 
DHT to construct a matrix that serves as 
the operator for convolution. The opera- 
tor form of convolution can be then eas- 
ily implemented on a CCD/CID chip as a 
simple matrixOvector multiplication. This 
operator form not only makes it possible 
to compute the convolution in a time of 
0(1) but also eliminates any need for 
computing the direct and inverse trans- 
forms that are used in older algorithms. 
Another algorithm is developed which 
makes it possible to compute a large (N 
x N) DFT on a minimal number of small- 
er (M x M where M <N) CCD/CID chips 
while preserving computational efficien- 
cy and reducing the complexity of addi- 
tional hardware. 

This work was done by Amir Fijany, 
Jacob Barhen, and Nikzad Toomarian of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 33 on the TSP Request Card. 

In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301 -350 
4800 Oak Grove Drive 
Pasadena, CA 91 109 
Refer to NPO- 19088, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Characterizing Trellis Decoders for Linear Block Codes 

Faster decoders may become possible. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


Recent progress in the theory of linear 
block codes has yielded improved tech- 
niques for calculating and bounding the 
complexity measures of trellis decoders 
in digital communication systems. 
(Linear block codes are used in such 
systems to combat noise.) The tech- 
niques are applied to different permuta- 
tions of the same code and to different 
codes with the same parameters. For 
some codes, the techniques help to 
reveal the minimum complexity (and 


hence fastest) trellis decoder. 

In this special context, “trellis" denotes 
a labeled graph used for encoding or 
decoding (see figure). It was known, 
prior to the developments reported here, 
that every linear block code can be rep- 
resented by a unique minimal trellis, 
once the ordering of the code's symbols 
is fixed. A minimal trellis is one which 
simultaneously minimizes the maximum 
number of code states, the total number 
of vertices, the total number of edges, 


and the total numbers of additions and 
path comparisons required for decoding 
with the Viterbi algorithm. However, dif- 
ferent permutations of the code’s sym- 
bols yield different minimal trellises. An 
optimum minimal trellis for a code is one 
for which a suitable measure of trellis 
complexity is minimized over all possible 
permutations of the code. 

The present techniques include the 
use of constraints on trellises to derive 
bounds on complexity. A partial ordering 
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This Is a Minimal Trellis for a (6,3,3) shortened Hamming code. 


is defined on trellises. If a trellis is optimum with respect to this 
partial ordering, then all the relevant measures of its complex- 
ity will be minimized. If the minimal trellises for two codes are 
comparable in terms of this partial ordering, then each of the 
complexity measures for one trellis is bounded by the same 
measure evaluated for the other trellis. This partial ordering can 
sometimes be used to identify (a) that permutation of a given 
code that yields the least (or most) complex minimal trellis, or 
(b) that code whose trellis is the most or least complex of all 
codes with the same parameters. 

In the derivation of the present techniques, the trellis-com- 
plexity analysis for a fixed code lends itself naturally to gener- 
alization to codes that are allowed to vary. Two useful domains 
of optimization are the set of permutations of a given code and 
the set of all codes with given code parameters. Within each 
domain, the uniformly best and worst minimal trellises (when 
they exist) are guaranteed to simultaneously minimize or max- 
imize all of the measures of complexity. Furthermore, if a mini- 
mal trellis attains the bounds for some of the complexity mea- 
sures, it must necessarily be uniformly extremal, but this is not 
true for the simpler measures of maximum state or edge 
dimension explored in the prior art. This lends further credence 
to the argument that a measure of total complexity (such as 
the total number of edges) is more useful than is a measure of 
maximum complexity. 

Unlike the case of a fixed permutation of a given code, uni- 
formly best and worst minimal trellises are not guaranteed to 
exist within the larger domains of optimization. However, the 
usefulness of the present techniques has been demonstrated 
in several test cases that provide examples of uniformly best 
trellises— most notably, the optimum permutation of the 
(48,24) quadratic residue code, heretofore unknown. 
Conversely, by deriving some necessary existence conditions, 
some cases for which uniformly extremal minimal trellises can- 
not exist have also been identified. 

A series of useful relationships between the trellis complexi- 
ty of a given code and that of its dual have also been devel- 
oped. This approach yields many of the same results obtained 
in previous research for dimension/length profiles or general- 
ized Hamming weights, but it emphasizes that all the duality 
results stem from fundamental minimal trellis relationships valid 
for a fixed permutation of a code. In fact, the symmetry of the 
constraints imposed by the code and its dual on the complex- 
ities of the trellises is so fundamental that the minimum dis- 
tance of the dual code should be included as one of the intrin- 
sic code parameters that limits achievable complexity. This 
duality leads to interesting connections among several com- 
plexity measures for the special case of self-dual codes. 

This work was done by Aaron B. Kiely, Samuel J. Dolinar, 
Robert J. McEliece, Laura Ekroot, and Wei Lin of Caltech for 
NASA’s Jet Propulsion Laboratory. For further information, 
write in 89 on the TSP Request Card. 
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Turbo Coding and Decoding for 
Personal Communications 

A proposed method would feature high speed and low cost. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


A method of coding and decoding 
has been proposed to satisfy a need for 
fast-operating , relatively inexpensive 
coding and decoding circuitry for per- 
sonal communications. A coding sub- 
system according to this method would 


The second contribution is a tech- 
nique for achieving better performance 
by use of unequal-rate component 
codes. Thus, each of the multiple paral- 
lel encoders would implement a different 
component code; in other words, the 


master/slave (mixed serial/parallel), or 
parallel configuration (see figure). A turbo 
decoding subsystem according to the 
present method and based on an 
approximation to the optimum maximum 
a posteriori (MAP) rule would have to 


Input Message 



EXAMPLE OF ENCODER WITH THREE CODES 



ALTERNATIVE DECODER CONFIGURATIONS 
FOR THREE CODES 


Multiple Coded Versions of the Same Message would be generated by multiple coders operating in parallel, and decoded by multiple 
decoders in one of three alternative configurations. 


include multiple binary convolutional 
coders in parallel, each coder preceded 
by an interleaver (a pseudorandom 
block scrambler with no repetitions), 
which would permute the incoming 
information prior to further coding. 

Codes that combine multiple binary 
component codes with interleaving are 
called “turbo” codes. The turbo-code 
concept was first published in 1993, 
accompanied by a claim that turbo 
codes are capable of achieving near- 
Shannon-limit error-correction perfor- 
mance with relatively simple component 
codes and large interleavers. Recent 
research has confirmed the accuracy of 
this claim and has led to the present 
method, which incorporates three con- 
tributions beyond the basic turbo-cod- 
ing concept. 

The first contribution is a simple tech- 
nique for trellis termination. This tech- 
nique involves turning off the input infor- 
mation during a portion of each code 
block to flush the encoders with zeros. 


coding subsystem would generate dif- 
ferent encoded versions of the same 
input message — one for each compo- 
nent code. The component codes 
would feature very short code constraint 
lengths, and the interleavers would be 
small. The smallness of the interleavers 
would contribute to satisfaction of the 
requirement for delay. 

The third contribution is the develop- 
ment of decoders for multiple-code 
encoders, so as to accommodate the 
unequal-rate component codes. A 
decoding subsystem according to the 
present method would include multiple 
decoders corresponding to the number 
of codes, linked together to feed back to 
each other and iterate until the required 
accuracy was achieved. The original 
turbo decoding scheme for the case of 
two codes called for pure serial 
decoders, but depending on the design 
of a specific decoding subsystem 
according to the present method, the 
decoders could be linked in a series, 


operate in the parallel mode. The short- 
ness of the constraint lengths of the 
codes would contribute to satisfaction of 
the requirement for low cost by reducing 
the complexity of the decoders. 

This work was done by Dariush 
DivsaJar and Fabrizio Pollara of Caltech 
for NASA’s Jet Propulsion Labora- 
tory. For further information, write in 42 
on the TSP Request Card. 

In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 

Refer to NPO- 19634, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 
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Preservative-Coated Salivettes 

Saliva samples can be preserved at room temperature for as long as six months. 
Lyndon B. Johnson Space Center, Houston, Texas 


An improved device for collecting and 
storing saliva samples eliminates the 
need to freeze the samples to keep them 
stable during storage. Invented for use in 
the Space Shuttle/Mir biomedical exper- 
iments, the devices can also be used on 
Earth to preserve samples of saliva for as 
long as 6 months at room temperature. 

The devices, called “preservative- 
coated salivettes,” are modified com- 
mercial saliva-sampling devices. Each 
device (see figure) includes a sample- 
storage vial. In modifying the device, a 
0.2-mL volume of a solution containing 
0.25 percent of sodium benzoate and 
0.05 percent of citric acid is placed in the 
bottom of the vial, then vacuum dried to 
form a uniform coat of preservative. 

Immediately after taking a sample of 


saliva, the preservative-coated salivette 
that contains the sample is centrifuged 
at 3,000 r/min for 10 min, so that the 
saliva collects in the bottom of the vial. 
The dry preservative coating dissolves in 
saliva during centrifugation and pre- 
serves the sample during prolonged 
storage (up to six months). 

This work was done by Lakshmi 
Putcha and Ramalingeshwara Nimma- 
gudda of Johnson Space Center. No 
further documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Johnson Space Center; 
(713) 483-4871. Refer to MSC-22616. 
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« Sample-Collecting Device 

— Sample-Storage Vial 



Preservative Coat in 

Bottom of Vial 


When the Salivette Is Centrifuged, the 

sample of saliva is forced to the bottom of 
the vial, where the saliva dissolves the 
preservative coat. 


Sterilizing Surfaces by Irradiation With Microwaves 

A variety of bacteria, yeasts, and molds can be killed by this technique. 

Lyndon B. Johnson Space Center, Houston, Texas 


A technique for sterilizing equipment 
surfaces involves bombarding the sur- 
faces with microwaves at a frequency of 
2.45 GHz, in the presence of trace 
amounts of water (see figure). This tech- 
nique was devised to overcome some of 
the limitations of older sterilization tech- 
niques: the high temperatures needed 
for autoclaving can damage some equip- 
ment, irradiation with g rays cannot ster- 
ilize all parts of some complexly shaped 
objects, and sterilizing chemicals can 
become unacceptable contaminants in 
some applications. The microwave- 
based sterilization technique is not sub- 
ject to these limitations, and has obvious 
potential for use in the food, drug, and 
beverage industries. 

The reason for using a frequency of 
2.45 GHz is that photons of this frequen- 
cy couple directly with transitions 
between rotational quantum states of 
water molecules. Thus, water molecules 
present in small quantities can be acti- 
vated directly by microwaves to sterilize 


Dipole Antennas 



Power Supply 


Water Molecules in Trace Amounts are energized by microwaves at a frequency of 2.45 
GHz, which couples directly to a rotational quantum transition of water molecules. The ener- 
gized molecules sterilize surfaces with which they come in contact. 
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surfaces, with minimal heating of the surfaces. Microwave irradia- 
tion of dry surfaces has proven capable of killing microorganisms. 
Active vegetative microbial cells contain water. Microwaves of suf- 
ficient intensity and duration penetrate microbial cell walls, couple 
with the water inside, and kill the microbes by internal heating. 

Spores are relatively resistant to dry microwave irradiation 
because they contain little or no free water with which the 
microwaves can couple. Spores and resistant organisms can be 
destroyed by introducing water in quantities of the order of 9 
microliters per square centimeter of contaminated surface. By 
direct absorption of microwave energy, the water flashes to 
steam, which makes contact with all exposed surfaces, killing 
the organisms there. This effect is localized, and, because of the 
smallness of the amount of water used, little energy is transferred 
into the sterilized equipment. 

This technique has proven effective in sterilizing surfaces con- 
taminated with a variety of bacteria, yeasts, and molds. In experi- 
ments, mixed surface populations of Bacillus pumilus, Escherichia 
coli, and Pseudomonas Cepacia were killed by 0.76 W- hr/cm 2 of 
exposure to 2.45-GHz microwaves at a power density of 3.6 
W/cm 2 . Experiments have also shown that sterilization can be 
achieved even when the microwaves have to pass through elas- 
tomeric materials on their way to the equipment to be sterilized; 
thus, the technique can be used to sterilize fully enclosed systems. 

This work was done by Duane Pierson and Richard L Sauer 
of Johnson Space Center and James £ Atwater, Neil D. 
Streech, Frank C. Garmon, and Robert K. Ames of Umpqua 
Research Co. For further information, write in 54 on the TSP 
Request Card. 
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Pediatric Oncology 
Telemedicine Project 

Children in a medically underserved region 
now have access to cancer specialists. 

Dryden Flight Research Center, 

Edwards, California 

NASA has helped to create a telemedicine link between the 
University of Texas Health Science Center at San Antonio 
(UTHSC-SA) and South Texas Hospital (STH) in Harlingen, 
Texas. This link is designed to help indigent Hispanic children 
with cancer who reside in regions of South Texas near the 
Mexican border, where there is no consistent access to pedi- 
atric oncology specialists. 

Telemedicine serves as a means for making better patient - 
management decisions by enabling pediatric subspecialists to 
perform direct visual examinations of children. Examination of 
blood smears and bone-marrow-aspiration slides over a 
telemedicine link by an expert provides more accurate informa- 
tion for assessment and management of patients. Telemedicine 
improves the accuracy of triage, without requiring that children 
travel to San Antonio for this purpose. Finally, telemedicine pro- 
vides greater access to such ancillary services as nursing edu- 
cation, patient/family education, and psychological counseling. 

Soon after the telemedicine link was established for pediatric 
oncology purposes, the physicians at STH requested consulta- 
tions with a tuberculosis expert because of the large number of 
complicated tuberculosis cases seen at their institution. A spe- 
cialist in adult pulmonary tuberculosis was located at the San 
Antonio State Chest Hospital and she agreed to continue to pro- 
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7300 Commerce Lane • Minneapolis, MN 55432-3177 U.S.A. 
Telephone : (612) 571-3121 • FAX: (612) 571-0927 


For More Information Write In No. 440 



Space Age Sensors 
for Down to Earth Needs 

Since 1957, we have produced the most reliable 
precision rotary and linear potentiometers for 
aerospace, automotive, industrial, medical and 
commercial applications. 

■ Standard and custom designs - 
competitively priced 

■ Patented RESISTOFILM* element technology, 
industry’s benchmark 

■ Precision performance for linearity, output 
smoothness, life and environmental stability 

■ Robust, highly reliable mechanical packaging 

■ Extensive one-year warranty 

■ Long life comparable to non-contact devices 

n© 

New England Instrument 

245 Railroad Street, Woonsocket, Rl 02895 

401/769-0703 FAX: 401/769-0037 
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SURFACE 

MOUNT 

ADHESIVES 

Designed To Your Specifications 


MASTER BOND EP3HTSM EPOXY 



One part system 
Exceptionally fast cure speeds 
at low temperatures 
Highly controllable thixotropy 
Long storage stability without 
refrigeration 
Convenient packaging 
Superior bond 
strength 
Void-free cures 
Repairability 


Call or write 
Master Bond Inc 
154 Hobart Street 
Hackensack, NJ 07601 
201-343-8983 

Master Bond Inc. 

Adhesives, Sealants & Coatings 


For More Information Write In No. 442 


HEADHUNTER" 

HEAD & EYE SLAVED 
POINTING SYSTEM 


Real-time head & eye movement 
monitoring systems for advanced 
man/machine interface. Applica- 
tions include workstation control, 
simulation/training, human 
factors & target designation. 



SCAN 

P.O. Box 382076 
Cambridge, MA 02238-2076 USA 
Tel: 617-273-4455 
Fax: 617-273-0076 


vide consultations on tuberculosis in 
adults with the physicians at STH via the 
telemedicine system. 

The main equipment of the telemedi- 
cine system is two videoteleconferencing 
units connected by a T1 communications 
line. One unit is located within the 
Department of Pediatrics at UTHSC-SA, 
while the other is located in the outpatient 
clinic at STH. The telemedicine system 
also includes two auxiliary input units; (1) 
a document camera for transmission of 
rudimentary x-ray images and (2) a micro- 
scope camera that enables the transmis- 
sion of bone-marrow-biopsy slides. 

Since inception of the Pediatric 
Oncology Telemedicine Project in April of 
1995, the system has been used on 31 
occasions. Most sessions are scheduled 
so that a number of patients can be dis- 
cussed at one time. Thus, during these 
31 sessions, consultations about a total 
of 236 individual patients have occurred. 
Initial consultations consisted of discus- 
sions about patients by physicians and 
nurses on both ends of the link. More 
recent consultations have included visual 


inspections of patients by use of the 
video component of the system. 
Anecdotal evidence suggests that 
patients, consultants, and referring physi- 
cians are highly satisfied with the system. 

The future of this telemedicine project 
looks bright. UTHSC-SA has secured 
funding to continue this link once support 
from the initial consortium is terminated. 
Additional funding is being sought for 
such future enhancements as (1) elec- 
tronic examination tools to enable more 
detailed examinations of patients via the 
link and (2) better facilities for transmitting 
x-ray images. 

This work was done by Lee Duke and 
Reuben Cano (CSC) of Dryden Flight 
Research Center, Raul Mejia of 
Johnson Space Center ; Michael 
Weingarten of NASA Headquarters, 
James Legler and Frank Stafford of the 
University of Texas Health Science Center 
at San Antonio, Brady Bruce of VTEL 
Corp., and Jerry Raggett of Sprint Corp. 
No further documentation is available. 
DRC-96-03 


Nonintrusive Manipulation of a 
Detached Retina 

Focused ultrasound would provide small manipulative forces. 
Lewis Research Center, Cleveland, Ohio 


In a proposed technique for surgical 
manipulation of a detached retina, ultra- 
sound would be generated outside the 
eye and coupled into the eye to generate 
small manipulative forces (see figure). The 
technique would involve no incisions or 
other penetrations by solid objects, unlike 


older techniques that involve insertion of 
needles or other devices, with conse- 
quent additional trauma, discomfort, and 
opportunity for infection. 

The technique would exploit acoustic- 
radiation pressure, which is a second- 
order effect that arises from nonlinear 


Detached Retina 


Focus and Steering 

Ultrasonic-Tone-Burst 

Control 

Generator 


J 1 


Phase Shifter and 
Signal Amplifier 





Phased Array of 
Ultrasonic Transducers 


SCHEMATIC DIAGRAM AND EYE 



Swept Beam 



Single Beam Hopped 
Among Three Focal Points 





Acoustic Streaming 
Along Wall 


SOME ALTERNATIVE SCHEMES FOR GENERATING MANIPULATIVE FORCES 


An Ultrasound at High Intensity at a desired location inside the eye would be generated by 
convergence of lower- intensity beams of ultrasound from a phased array of transducers in 
contact with the outer surface of the eye. 


For More Information Write In No. 443 
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behavior of the acoustic medium (in this 
case, the fluid in the eye) and that be- 
comes evident when sound is at high 
intensity. In the presence of low-intensity 
sound, acoustic pressure at a given loca- 
tion varies sinusoidally with time, so that 
its average over time is zero. In high-inten- 
sity sound, the variation with time is not 
precisely sinusoidal, and there is a small 
nonzero time-averaged component, which 
constitutes the acoustic-radiation pressure. 

The basic idea in the proposed tech- 
nique is to generate acoustic-radiation 
pressure inside the eye, near the location 
of detachment, to push the retina back 
into its correct position. Acoustic stream- 
ing — another small effect that accompa- 
nies acoustic-radiation pressure — could 
also be exploited to produce manipulative 
forces indirectly; for example, as shown at 
the bottom of the figure, the hydrodynam- 
ic force exerted on the retina from fluid 
streaming along the wall could push the 
retina against the wall. The flow along the 
wall would also help in displacing fluid 
from behind the retina, thereby helping to 
flatten the retina against the wall. 

One or more ultrasonic signal(s) would 
be generated by external electronic cir- 
cuitry and coupled into the eye via one or 
more ultrasonic transducer(s) in contact 
with the outer surface of the eye. Because 
high-intensity ultrasound could damage 
the outer surface of the eye, the ultra- 
sound would not be generated at high in- 
tensity; instead, it would be generated in a 
relatively broad, low-intensity beam that 
would be focused to high intensity at the 
required location inside the eye (see figure). 

Preferably, many transducers would be 
assembled in a phased array, and the 
phases of the ultrasonic tone burst 
applied to the transducers would be con- 
trolled individually to steer and focus the 
beam to the desired position. If the phase- 
control subsystem could produce suitable 
phase sweeps and abrupt steps, then it 
would also be possible to perform such 
operations as sweeping the focused ultra- 
sonic beam over an area or making the 
beam jump, repeatedly and rapidly, to 
among several focal points so that the net 
effect would be that of multiple beams 
pushing on the retina at different locations 
simultaneously. 

This work was done by Richard C. 
Oeftering of Lewis Research Center 

For further information, write in 63 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research Cen- 
ter, Commercial Technology Office, Attn: 
James Martz, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW- 161 89. 
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Mass Confusion 


OEMs, be confused no more. 

The Setra Mass Monito r m has it all. 

It's modular, easy to install and 
highly accurate. And unlike most 
bad cells, it gives you direct digital 
output — no A/D converter 
required. That's because the 
Setra Mass Monitor uses our 
patented variable capacitance 
ceramic sensor technology. 

No wonder Designfax gave 
the Setra Mass Monitor five stars. 

And no wonder there are over 2,000 units in 
service today. So don’t put up with mass 
confusion. Call Setra at 1 -800-25-SETRA. 
FAX: 1-508-264-0292 
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The technology leader in precision weighing. 


For More Information Write In No. 479 
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Wire & Cable Chafing and 
Lower Your Installation Costs! 

New, easy-to-use Spring-Fast CUSHION 
grommet edging eliminates the problems 
of dealing with sharp edges 






1 Tough stainless steel core snaps on in seconds, locks on tight. 
1 Eliminates major environmental and safety concerns. 

No degreasing. No adhesives. No dangerous VOCs! 

1 Protects wire and cable from abrasion damage. Polymer 
cushion provides a smooth, non-conductive surface! 

1 UL 94V-0 and MIL-DTL-22529/2. 

■ Fastens to any 2-axis contour! 


TEL; 800-669-9682 
508-229-2000 
FAX: 508-229-2622 
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Books & Reports 

These reports, studies, and handbooks are available from NASA 
as Technical Support Packages (TSPs). 


Physical Sciences 


The Pebble Bed Heater at 
Stennis Space Center 

A brief report presents additional infor- 
mation on the subject matter of “The 
High Heat Flux Facility at Stennis Space 
Center” (SSC-00033), NASA Tech 
Briefs, Vol. 20, No. 7 (July 1996), page 
56. The emphasis in the report is on a 
pebble bed heater that lies at the heart 
of the facility. The pebble bed heater 
includes a bed of stainless-steel balls 
through which hot nitrogen is passed to 
store heat in preparation for a test. At the 
time of a test, heat is suddenly released 
by passing hydrogen through the bed 
and into a test cell. 

This work was done by William W. St 
Cyr of Stennis Space Center and 


Edwin P. Russo of the University of New 
Orleans. To obtain a copy of the report, 
" NASA John C. Stennis Space Center’s 
Pebble Bed Heater, ” write in 60 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the NASA/SSC 
Technology Transfer Office; (601) 688- 
2346. Refer to SSC-00045. 


Calculation of Optical 
Scattering by 
Axisymmetric Particles 

Airborne dust and ice particles can 
absorb, emit, and scatter both solar and 
thermal radiation in planetary atmos- 
pheres. Because these processes can 
have dramatic effects on the atmospher- 
ic energetics and global circulation, effi- 


cient, accurate numerical methods for 
computing their optical properties are 
essential components of global climate 
models. These methods are also needed 
for the retrieval of atmospheric tempera- 
tures and constituent distributions from 
remote sensing observations collected 
by satellites. Accordingly, a study has 
been performed to evaluate a numerical 
method for calculating the single particle 
scattering properties of axisymmetric 
aerosol particles with sizes that span the 
Rayleigh scattering (small particle) and 
geometric optics (large particle) regimes. 

This work was done by Cinzia Zuffada 
and David Crisp of Caltech for NASA’s 
Jet Propulsion Laboratory To obtain a 
copy of the report, “ Particle scattering in 
the resonance regime: a full-wave solu- 
tion for axisymmetric particles with large 
aspect ratios," write in 41 on the TSP 
Request Card. 

NPO-19916 


RACKMOUNT FLAT PANEL COMPUTER OR MONITOR 

• COTS • NAVIGATIONS • MONITORING • PROCESS CONTROL • INDUSTRIAL AUTOMATION • ROBOTICS • 


VUEPOINT™/SLIMLINE: RUGGEDIZED COMPUTER 



• 486 , 586, Pentium Single Board Computer 
•PC 104 Expansion 

• Color Active Matrix TFT LCD Displays 
- 10.4 ", 12. V, 13.8" Diagonal Viewing 

- 640x480 , 800x600, 1024x768, 1280x1024 

• Hard/Floppy Drives 

• OEM or NEMA Keyboard 

• Optional Touch Screens 


VUEPOINT™/SLIMLINE: MONITOR 


CUSTOM CONFIGURATIONS: Custom Engineering Available. 


• Direct Replacement For CRT 

• Host Independent 

- Supports PCs, VMEs, STDs, 
Workstations, Etc. 

• Operates Over Long Distance (100+ feet) 

• Supports Color Active Matrix TFT LCDs 

- 10.4", 12.1 ", 1 3.8" Diagonal Viewing 


-640x480, 800x600, 1024x768, 1280x1024 


For Additional Information Contact: 

GENERAL DIGITAL CORPORATION 

1 98 FRESHWATER BOULEVARD ENFIELD. CT 06082 
Tel: 860.741.7171 Fax: 860.741 .7071 EMAIL: http//:www.gendig.com 
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Beam Delivery 
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LMI offers a complete array of beam delivery 
components- from lens and mirror focusing assemblies 
to highly specialized application devices. Our beam 
delivery designs are based on proven technologies and 
years of “real life” experience in our own job shop. 

Because laser systems represent a large investment, 
our components are designed to provide a solution that 
can bring added versatility and productivity to virtually 
any existing system. Modular design, combined with fast 
and convenient changeovers, offers our customers a cost 
effective method for updating a single element or retro 
fitting an entire laser system. Most standard components 

for tomplele details on LMI components, call 
LMI's Beam Delivery Dept., Ext. 699 today: 

1400-77-LASER 

Lasers • Beam Delivery • Service • Laser-Graver 
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are readily available from our extensive inventory 
and can be shipped to you immediately. For highly 
specialized applications, our experienced engineers 
can assist you with a comprehensive system analysis to 
develop a component design solution that w ill optimize 
your laser system’s processing capabilities. 

For more than eighteen years, LMI laser systems and 
beam delivery components have been demonstrating 
quality, performance, and precision on YAG and CO 2 
systems from 50-10,000 watts. Call us today and start 
turning more laser processing possibilities into 
profit-building solutions. 


7V« 

Custom Systems • Web Processing • Laser Job Shop 


Providing Laser Solutions for Industry 

500 LASER DRIVE • SOMERSET, WISCONSIN 54025 
PHONE: 715/247-3285 • FAX: 715/247-5650 


For More Information Write In No. 457 
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LASER DIODE OPTICS 


When your application demands high quality laser diode optics, 
think of Optima. Our 336 Series collimating lenses have been 
used in space systems and in more down-to-earth applications 
like bar code readers, laser pointers, and smoke detectors. 
Whether you need a custom assembly or just an off-the-shelf 
component, we'd like you to consider Optima. Please ask 
for our catalog covering the following items: 

• COLLIMATED DIODE LASERS, VISIBLE THRU NEAR-INFRARED 

• LASER DIODE MOUNTING KITS 

• COLLIMATING AND OBJECTIVE LENSES - GLASS OR PLASTIC 

• SINGLETS. DOUBLETS AND ACHROMATS 

• ANAMORPHIC PRISMS 

• OPTICAL FLATS - MIRRORS, BEAMSPLITTERS. FILTERS 

• DIFFRACTION GRATINGS 
. ASPHERIC LINE GENERATOR LENSES 
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Apparatus for Fine Adjustment of Laser Beam 

The size, position, and orientation of the beam waist can be adjusted nearly independently. 
Ames Research Center, Moffett Field, California 


Figure 1 illustrates an apparatus that 
enables fine optical adjustments of a 
highly collimated, axisymmetric laser 
beam with a Gaussian intensity pattern in 
its cross section. The apparatus is espe- 
cially useful for launching the beam into 
an optical fiber by focusing the beam 
onto one end of the fiber. 

The apparatus provides adjustments 
of six parameters of the laser beam: (1) 
the diameter of the beam waist (typical- 
ly required to be narrow enough to 
match the core of the optical fiber), (2) 
the position (z) of the beam waist along 
the optical axis (typically required to be 
the axial position of the end of the opti- 
cal fiber), (3 and 4) the position of the 
beam waist along the two coordinates 
(x and y) transverse to the optical axis, 
and (5 and 6) the angles of incidence (in 
the z-x and z-y planes) of the beam on 
the target (the end face of the optical 
fiber). In addition, the apparatus pre- 
serves the polarization adjustment (if any) 
provided by external means. 

The design of the apparatus involves a 
convergence of Gaussian and geometric 
optics; that is, the focal lengths of the 
lenses and the distances between the 
lenses and the other optical components 
are chosen so that, with respect to de- 
magnification and positioning of beam 
waists, the behavior of the apparatus 
conforms approximately to the equations 
of geometric optics despite the Gaussian 
nature of the laser beam. This design 
choice provides for fine optical control of 
the angles (adjustments 5 and 6) inde- 
pendent of the other parameters. More- 
over, the focal lengths and distances are 
chosen to take advantage of optical 
leverage, analogous to mechanical lever- 
age, that enables the use of relatively 
coarse mechanical adjustment devices 
(the micrometers that position the lenses) 
to adjust the lateral position of the beam 
waist on the target to a resolution as 
small as a fraction of a micron. 

The axial positions of lenses 1 and 2 
both affect the diameter and axial posi- 
tion of the output beam waist, but the 
design choice of focal lengths and dis- 
tances makes it possible to use lens 2 to 
adjust primarily the axial position, with lit- 
tle effect on the diameter. A typical se- 
quence of adjustments (see Figure 2) of 
an initially angularly and translationally 
misaligned beam begins with the coarse 
transverse and axial positioning of the 
end of the optical fiber. Lens 2 is then 
adjusted axially to position the output 


beam waist axially in the plane of the 
end of the fiber. Next, lens 1 is adjusted 
transversely to make the output beam 
intersect the end of the fiber more pre- 
cisely in translation, albeit at an unde- 
sired angle. Then the flat plate is tilted 
to adjust the angle of incidence. This se- 
quence is repeated, as necessary, to re- 
fine the adjustments. 

This work was done by Dana Lynch 
and Kenneth McAlister of Ames Re- 
search Center and William Gunter of 


Photon Application. For further informa- 
tion, write in 46 on the TSP Request 
Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,077,622). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Ames Research 
Center; (415) 604-5104. Refer to ARC- 
11916. 
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Micrometer-Driven Translation Stages To 
Control Axial and Lateral Positions of 
Lenses 1 and 2 and of Optical Fiber 


Figure 1 . This Apparatus Enables Fine Adjustments of the size, position, and orientation of 
the output beam waist to focus the beam onto the end of the optical fiber. 
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Figure 2. A Sequence of Adjustments results in alignment of a laser beam with the input end 
of an optical fiber. 
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n-vi Incorporated 

...MORE THAN C0 2 LASER OPTICS 




We've been a leader in high power CO2 
transmissive and reflective laser optics 
for two decades. But we are more. 
Today. II-VI Incorporated is an integrated 
producer of standard as well as highly 
specialized infrared optics, components, 
materials and related services. 


Optical Design and 

Manufacturing 

II-VI provides design and manufac- 
turing of custom optical assemblies 
such as telescopes and multi- 
element lens assemblies for the 
infrared. Typical applications 
are laser machining, LIDAR, FUR, 
rangefinding and spectroscopy. 


Radiation Detectors/ 
Preamplifiers/ 

Hybrid Circuits 

eV Products, a division of II-VI 
Incorporated, produces a wide 
array of solid state radiation 
detector components and 
hybridized, charge sensitive 
preamplifiers uniquely opti- 
mized for radiation detection 
applications. 


2 Axis Diamond 
Turning 

Our 2 axis diamond turning 
facility features ultra-precision 
machining of aspheric focusing 
lenses and metal mirrors. 


Call or fax today for our literature 
package featuring the complete 
line of II-VI products and services. 


IIVI 

INCORPORATED 


Advanced Coating 
Designs 

The Advanced Coatings Group 
at II-VI has developed a wide 
range of custom coatings for 
wavelengths throughout the 
infrared. 


Imaging Lenses 

II-VI produces optical elements 
for sophisticated IR imaging 
systems such as zoom lenses, 
scene simulators, FUR systems, 
and IR projectors. Included are 
Germanium, Silicon, ZnSe, ZnS, 
CdTe, and GaAs spherical and 
aspherical lenses, beamsplitters, 
cylindrical lenses, and windows. 

For More Information Write In No. 451 


II-VI Incorporated 
375 Saxonburg Blvd. 
Saxonburg, PA 16056 


Phone (412)352-1504 
Fax (412)352-4980 



Video Ground-Isolation Circuit Using Double 
Balanced Mixers 

Advantages are reduced weight and cost. 

Lyndon B. Johnson Space Center, Houston, Texas 


An improved circuit has been devel- 
oped to provide isolation of grounds at 
the video-signal interface between 
wide-baseband video-signal-processing 
equipment and other video-signal-pro- 
cessing equipment. Previously, video 
transformers and, alternatively, optical 
isolators have been used for this pur- 
pose. The disadvantages of video trans- 
formers are that they are heavy and ex- 
pensive; optical isolators are expensive 
and must be recalibrated periodically 
because of long-term drifts of parame- 
ters of components. In comparison with 
video transformers and optical isolators, 
the present circuit is smaller and more 
cost-effective. 


are transformer-coupled for isolation of 
ground potentials. This configuration 
also isolates the ground of the local 
oscillator from the video input and out- 
put circuits. 

The fundamental video ground-isola- 
tion circuit consists of the parts de- 
scribed above. The power-divider circuit 
between the local oscillator and the mix- 
ers and the low-pass filter at the input 
and output ends help improve the per- 
formance of the fundamental circuit. 

Baseband-signal frequency compo- 
nents from direct current up to a fre- 
quency limited by the frequency of the 
local oscillator frequency can be recov- 
ered at the output end. Theoretically, to 


V peak-to-peak, it may therefore be nec- 
essary to add a voltage-divider network 
at the input end and a video amplifier at 
the output end to enable the use of this 
circuit as an interface circuit for NTSC 
standard signals. Alternatively, another 
commercial mixer such as a Mini Circuits 
RAY-1 may operate at a higher signal 
level, so that conversion of the signal 
level would not be necessary. 

A laboratory signal generator was 
used as the oscillator in the prototype, 
but the final design will call for an on- 
board local oscillator. Neither long- nor 
short-term drift in the frequency of the 
local oscillator should create any diffi- 
culty because the local-oscillator signal 



This Video Ground-Isolation Circuit costs less than does a conventional video transformer or optical isolator. 


This circuit (see figure) includes two 
typical double balanced mixer circuits 
(Mini Circuits SRA-1 or equivalent), and a 
local oscillator. The double balanced 
mixer at the video-input end serves as a 
double-side-band suppressed-carrier 
amplitude modulator. The double-side- 
band output of the modulator is fed 
across the interface to the other double 
balanced mixer, which serves as a de- 
modulator. The same local-oscillator 
signal is used in both the modulator and 
the demodulator to provide for phase- 
synchronous demodulation. All three 
ports of each double balanced mixer 


enable complete recovery of the base- 
band signal, one must make the fre- 
quency of the local oscillator at least 
twice the highest frequency present in 
the baseband signal. In a practical appli- 
cation, the frequency of the local oscilla- 
tor should be much more than twice the 
highest baseband frequency. 

A prototype of the circuit was con- 
structed with the commercial double bal- 
anced mixer circuits mentioned above. 
In a test, the mixers operated linearly up 
to about 0.5 V peak-to-peak. Inasmuch 
as the National Television Systems 
Committee (NTSC) standard level is 1 .0 


serves as the reference signal in both the 
modulating and the demodulating mixer. 

This work was done by Craig A. 
Davidson of Hernandez Engineering for 
Johnson Space Center. No further 
documentation is available. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center; (713) 483-4871. Refer to MSC- 
22521. 
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PC/Windows® Laser Beam Analysis 

from 
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Laser Beam Diagnostics 



Oownload a full feature demo version 
)f the LBA-300PC over the Internet for FREE. 

• Test drive the software of the most advanced Laser Beam Analyzer. 

• Run it on your ow n computer to discover its outstanding performance. 

(Demo version runs on any computer with Windows* 3. lx or 93. 

Pentium® 100MHz or faster processor with 16MB or more of RAM recommended.) 

[b get your Free LBA-300PC DEMO software: 

• Download from w w w.spiricon.com using your Internet browser 

(Download site is on the Home Page under ‘ Product Data/Free LBA-300PC Software.") 

(If you do not have Internet Web access, a CD ROM Demo version can be ordered fromSpiricon for $19.95, 
which is deducted from the purchase price when you buy the LBA-300PC system. Call Spiricon at 801-753-3729) 


Indow s ts si trademark of Microsoft Corporation Pentium is a trademark of Intel Corporation 
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Confocal Telescope for Optical Sensing at Finite Distances 

Only light from a small probe volume would be strongly coupled to a photodetector. 

Marshall Space Flight Center, Alabama 


A confocal telescope has been pro- 
posed for use in spatially resolved fluo- 
rescence measurements on transpar- 
ent and semitransparent samples at 
distances up to a few meters. The sam- 
ples could be, for example, streams of 
hot exhaust gases or process streams 
that one seeks to analyze without 
inserting probes. 


When the fluorescence signal is weak 
(as is commonly the case), the mea- 
surement can be severely contaminated 
or even overwhelmed by (1) backseat - 
tering of the illumination from the probe 
volume and (2) spurious fluorescence 
from background objects outside the 
probe volume. Time gating of the illumi- 
nation and of the detector operation 


ing modifications of focal lengths, mag- 
nification, and aperture sizes. Light orig- 
inating from a focal point at the center of 
the designated probe volume would be 
focused into the center of a pinhole 
immediately in front of the photodetector. 
Light originating from outside the probe 
volume would be focused elsewhere, 
such that most of it would be intercept- 


lllumination (Collimated Laser Light. 



The Confocal Telescope would focus light from the probe volume onto the photodetector. Light originating elsewhere would be severely atten- 
uated on the way to the photodetector in that most of it would be blocked by the pinhole disk. 


Typically, in a measurement of this 
type, one illuminates a small probe vol- 
ume with a focused beam of light of 
known wavelength to excite fluorescence 
at a longer wavelength, and seeks to 
measure the longer-wavelength fluores- 
cence emitted from the probe volume 
only, using a photodetector. By repeat- 
ing the measurement while scanning the 
probe volume through the sample in 
three dimensions, one can acquire data 
on the three-dimensional distribution of 
the quantity of interest. 


can provide some relief but is not suffi- 
cient in many cases. In the confocal 
telescope, most of the backscattered 
illumination and fluorescence coming 
from points outside the probe volume 
would be blocked on the way to the 
photodetector, and the backscattered 
illumination from throughout the sample 
(including the probe volume) would be 
suppressed by optical filters. 

Basically, the confocal telescope (see 
figure) would be a distorted version of a 
confocal microscope, with correspond- 


ed by the pinhole disk before reaching 
the detector. A calculation based on geo- 
metrical optics reveals that the fraction 
of light reaching the photodetector from 
a point outside the probe volume would be 
approximately proportional to the in- 
verse square of the distance of that point 
from the center of the probe volume. 

This work was done by Thomas W. 
Duryea of Rockwell International Corp. 
for Marshall Space Flight Center. For 
further information, write in 34 on the 
TSP Request Card. MFS-30106 


Optically Powered Stroboscopic Warning Light 
on a Power Line 

Power is supplied via an optical fiber from a unit at ground level. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An optically powered strobe lamp is 
designed to be mounted on a power 
line, midway between supporting tow- 
ers, to give visible warning to aircraft 
pilots. Power is transmitted from a unit 
at ground level, via an optical fiber, to a 
strobe-lamp unit up on the power line. 


Although it is easy to equip the sup- 
porting towers with warning lights, it is 
difficult to illuminate power lines 
between towers. In principle, a strobe 
light mounted on a power line could be 
inductively powered by the line current; 
however, the iron core of an inductive 


pickup device would weigh too much 
and, in any event, the light would not 
operate when the line current was 
turned off. A solar-powered strobe light 
with storage battery would also be too 
heavy; and even if it were sufficiently 
lightweight, access for maintenance 
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would be too difficult. Finally, although 
an independently powered electrical line 
could be run from the ground to the 
strobe, insulating it from the high-voltage 
transmission line would be virtually 
impossible. On the other hand, an optical 
fiber is unaffected by the intense electric 
field of the power line. 

In the present strobe-lamp system, 
light is generated by a gallium arsenide 
laser with a power of 0.85 W. A multi- 
mode optical fiber 100 pm in diameter 
and 50 m long carries the light from the 
laser to a gallium arsenide photocell in 
the strobe-lamp unit. The output of the 
photocell (at a potential of 0.9 V and cur- 
rent of 200 mA) is fed to a step-up volt- 
age converter and storage capacitor for 
driving a xenon flash tube. The entire 
strobe unit weighs only 3 oz (85 g). A 
much brighter strobe would not neces- 
sarily weigh much more. 


This work was done by Shannon P. mation, write in 71 on the TSP Request 
Jackson of Caltech for NASA’s Jet Pro- Card. NPO- 19668 

pulsion Laboratory. For further infor- 
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The Xenon Flash Tube Is Powered by Light that is delivered via the optical fiber, then con- 
verted to electricity by the photocell. The step-up voltage converter and capacitor provide 
electrical pulses to energize the flash tube at frequent intervals. 


Texture Etching of Indium Phosphide 

Textured surfaces on photovoltaic cells enhance absorption of light. 
Lewis Research Center, Cleveland, Ohio 


A technique for texture etching of indi- 
um phosphide has been developed. As 
its name suggests, texture etching is a 
method of chemically treating the sur- 
face of a material to impart a desired 
texture. In recent years, texture etching 
has been investigated for use in forming 
microscopic V-grooves or pyramids on 
the surfaces of semiconductor materi- 
als in solar photovoltaic cells. These sur- 
face textures can decrease the reflec- 
tion of light from the cells, thereby in- 
creasing the absorption of light in the 
cells, with consequent increases in 
energy-conversion efficiencies. 

Texture etching is based on the ani- 
sotropic-etching properties of crystal- 
line materials; the rates of chemical 
attack depend on orientations of etched 
surfaces with respect to crystalline 
planes. Texture etching has been ap- 
plied to silicon, but heretofore, applica- 
tion to indium phosphide has been 
inhibited by greater difficulty that aris- 
es from the greater complexity of the 
anisotropy of etching indium phosphide 
in comparison with that of silicon. The 
greater complexity includes depen- 
dence of the etching behavior of InP on 
the type (p or n) and concentration of 
dopant. 

The present technique for texture 
etching of InP was developed in experi- 
ments in which the effects of various 
factors (etching time, temperature, and 


type and concentration of dopant) 
were recorded for use in controlling 
the outcomes of subsequent etches. 
The etching solution used in this tech- 
nique is a mixture of 10 parts of (49 
percent HBr in H 2 0), 1 part of (31 per- 
cent H 2 0 2 in H 2 0), and 1 part of (38 per- 
cent HCI in H 2 0). The etching solution 
is maintained at constant low temper- 
ature (usually, -20 °C). A wafer to be 
etched is precooled to the etching 



This Scanning Electron Micrograph shows 
V-grooves produced by 4 min of etching of 
the (100) surface of a highly p-doped (2.8 
x 10 18 atoms of Zn per cm 3 ) InP wafer. 


temperature before immersion in the 
solution. Typical etching times range 
from 30 s to 6 min. 

The rate of etching and the resultant 
surface texture depend strongly on the 
etching time and on the doping. Etching 
by this technique produces irregular V- 
grooves (see figure) or pyramids on 
(100) InP wafers, without need for pho- 
tolithography or masking to define the 
grooves or pyramids. The grooves are 
generally aligned along the [10] direc- 
tion. Grooves etched on the front sur- 
face of a wafer are perpendicular to 
those etched on the rear surface. The 
characteristic widths and depths of the 
grooves are of the order of microns. 
The smallest groove spacing is about 
half a typical wavelength of visible 
light, and grooves as fine as this 
cause visible diffraction of white light. 

This work was done by Sheila G. 
Bailey of Lewis Research Center and 
Navid S. Fatemi and Geoffrey A. Landis 
of NYMA, Inc. For further information, 
write in 70 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. 

Refer to LEW- 15784. 
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Determining Fiber Volume Fraction by Image Analysis 


The image-analysis method leaves no chemical waste. 
Goddard Space Flight Center, Greenbelt, Maryland 


Experiments have shown that vol- 
ume fractions of graphite fibers in 
graphite/ epoxy materials can be esti- 
mated by analyses of images of sec- 
tioned specimens. Heretofore, the 
standard technique for determining 
the volume fraction of fibers has in- 
volved digestion in boiling nitric acid 
(to remove the epoxy matrix), followed 


by washing of the fibers (which remain 
after digestion) in acetone. The acid- 
digestion technique adversely affects 
the environment in two ways: the pro- 
cess of digestion generates fumes 
that may not be captured completely 
in the condenser that is part of the 
digestion apparatus, and more than 
200 mL of chemical waste are pro- 










Off-the-Shelf and 
Custom Products 

► Focusing Lenses 

► Output Couplers 

► Beam Splitters 

► Mirrors 


Laser optics ranging from sapphire to 
zinc selenide are available from Meller Optics 
and our Laser Research Optics division for use 
in metal cutting, engraving and medical lasers. 


Ftm Meller Optics 

Sapphire, BK-7, fused silica 
and exotic materials with 
high-power laser coatings 
for optics used in UV, Yag 
and ER:Yag laser systems. 


Meller Optics, Inc. 

P.0. Box 6001, Providence, Rl 02940 
Tel (800) 821-0180 *(401) 331-3717 
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CO 2 laser optics precision 
fabricated from zinc selenide, 
germanium and silicon for 
metal cutting, engraving 
and medical laser systems. 
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duced for each gram of specimen. 

Recent advances in personal com- 
puters, imaging equipment, and im- 
age-analyzing software have made the 
image-analysis method a viable alter- 
native to digestion in acid. A specimen 
is sectioned, mounted, and polished 
by standard metallographic techniques, 
then examined by use of a video cam- 
era mounted on a microscope, using 
a typical magnification of 1 ,000 (see 
Figure 1). The image is digitized, then 


Figure 1. Cross Section of a Graphite- 
Fiber/Epoxy Specimen shows fibers 
nominally perpendicular to the plane of the 
section. The thickness of each fiber is 
about 5 pm. 


Threshold 

Brightness 


Graphite 

Fibers 


Resin 

Matrix 


Brightness (Gray Scale, 1 to 256) 


Figure 2. This Histogram shows the sta- 
tistical distribution of brightnesses of the 
picture elements in Figure 1. To minimize 
the effects of errors in computer analysis of 
the image, the threshold level is set in the 
valley between the two peaks. 
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Liquid Nitrogen Cooled Detectors 

/ Liquid nitrogen cooled detectors offer the lowest 
dark charge, allowing exposures of several hours 

/ Wide range of precisely thermostated temperatures 
/ Large dewar (shown at right) for longest hold times 

/ User selectable software controlled 
readout rates for lowest possible read noise 

y Highest actual dynamic range due to 
Princeton Instruments optimized electronics 




Thermoelectrically Cooled Detectors 

/ Continuous readout up to five million pixels per second 

/ Completely programmable hardware optimizes 
timing, readout rate, and display rate 

/ Dual A/D converters offer both high speed 
and high dynamic range in a single detector 




Cooled Intensified Detectors 


/ Single photoelectron detection 
with maximum detectability 

/ Superior grade intensifies 
with high linearity and low lag 

/ Air cooled model available 



Princeton Instrumen ts, incl 
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analyzed semiautomatically on a per- 
sonal computer by the M NIH Image” 
public-domain computer program, 
which was created at the National 
Institutes of Health. 

The program distinguishes between 
the fiber and resin areas of the image 
by determining which picture ele- 
ments are brighter and which are 
darker than a statistically determined 
threshold brightness (see Figure 2). 
The numbers of picture elements 
above and below the threshold level are 
counted. The area fraction of fibers is 


computed as the ratio between the 
number of picture elements in the fiber 
brightness range and the total number 
of picture elements. The volume frac- 
tion of fibers is assumed to equal the 
area fraction. 

The image analysis technique was 
applied to graphite/epoxy specimens 
with fibers oriented at various angles 
with respect to the cross-sectional 
plane. The volume fractions of fibers 
estimated by the image-analysis meth- 
od lay within 5 percent of those deter- 
mined by the acid-digestion technique 


over a volume-fraction range of 45 to 
70 percent. The differences between 
the volume fractions of fibers estimat- 
ed by the two methods are attributed 
to spatial variations of these fractions 
within the panels from which the spec- 
imens were cut. 

This work was done by Michael Viens 

of Goddard Space Flight Center For 

further information, write in 68 on the 
TSP Request Card . 

GSC-13414 
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Fiber-Optic Rulers 

Volumes as small as tens of 
picoliters can be measured. 

Lewis Research Center, 
Cleveland, Ohio 

Fiber-optic devices have been invent- 
ed for use in measuring the locations of 
liquid drops and the levels of liquids in 
containers. These devices are essential- 
ly special-purpose rulers with illuminated 
fiducial marks, against which surfaces of 
liquids can be viewed with the help of 
magnifying glasses or microscopes. 

A device of the present type includes 
an apparatus that launches light into an 
optical fiber at one end for illuminating 
a ruler at the other end. At the ruler end 
(see Figure 1), narrow crosswise 
grooves that serve as fiducial marks 
have been scored or milled into the 
fiber at specified measurement inter- 
vals. The tip of the fiber at this end is 
coated with an opaque or reflective 
material to prevent light from emerging 
from the tip and spuriously illuminating 
the adjacent liquid. 


Illumination 
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Figure 1 Grooves at Measurement Inter- 
vals near the tip of the optical fiber serve as 
fiducial marks. 
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For proper functioning of the device, 
the index of refraction of the scored or 
milled outer layer(s) of the optical fiber 
must closely approximate the index of 
refraction of the liquid that one seeks to 
measure. In the absence of liquid, light 
is scattered from all the fiducial marks, 
making them appear to glow brightly. 
When liquid is in contact with a fiducial 
mark, the optical continuity afforded by 
matching of indices of refraction re- 
duces or eliminates scattering of light, 
so that the fiducial mark no longer 
appears to glow brightly and possibly 
even becomes invisible. Thus, the sur- 
face of the liquid can be located to with- 
in the interval between a brightly illumi- 
nated fiducial mark and an adjacent 
darker (or even invisible) fiducial mark 
(see Figure 2). 

The smallest increment of volume that 
can be measured depends on several 
factors, including the type of illumination 
(incoherent or coherent), propagation of 
light along the fiber in a single mode or 
multiple modes (greater precision may 
be possible in the coherent, single- 
mode case), and of course the cross- 
sectional area of the container in which 
the device is used. It has been estimat- 
ed that volume increments as small as 


tens of picoliters can be measured by 
use of devices of this type. 

This work was done by DeVon Griffin 
of Sverdrup Technology Corp. for Lewis 
Research Center. For further informa- 
tion, write in 80 on the TSP Request 
Card. 


Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW- 15926. 



Figure 2. Fiducial Marks at Intervals of 1 mm scatter light and thus appear to glow in the 
absence of liquid, as shown in the left photograph (top view). The right photograph shows 
the same optical fiber covered partly with a drop of water (with gravitation perpendicular 
to the axis of the fiber), which renders the marks invisible. 
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Measurements 
With a Laser- 
Speckle Strain 
Gauge 

Lewis Research Center, 
Cleveland, Ohio 

Tests were run in which a laser-speck- 
le strain gauge was used to measure 
strains on the surfaces of fibers under 
known tensile loads at room tempera- 
ture. Further experiments were part of a 
continuing effort to develop a capability 
for noncontact measurement of strains in 
fibers at high temperatures. Overall, the 
laser-speckle strain gauge was found to 
be reliable for measuring strains in nar- 
row fibers at room temperature, and there 
do not appear to be any insurmountable 
obstacles to extension of the measure- 
ment capability to high temperature. 

This work was done by Lawrence G. 
Oberle, Lawrence C. Greer III, and John P 
Barranger of Lewis Research Center, 
and Christian T. Lant of Sverdrup Tech- 
nology, Inc. No further documentation is 
available. LEW- 160 14 
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Laser-Induced Incandescence 
for Research on Combustion 

Glowing soot particles reveal much about 
combustion processes. 

Lewis Research Center, Cleveland, Ohio 


The figure shows a laboratory appara- 
tus that exploits laser-induced incandes- 
cence (Ul) for research on combustion of 
sprayed liquid fuels. Aiming an infrared 
laser beam at a flame from a single bum- 


The combustion process is observed 
by two video cameras through windows 
in the combustion chamber, and the 
video images are recorded on tape. Each 
camera is equipped with a different opti- 
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A Drop of Burning Fuel suspended in a combustion chamber is illuminated by a sheet of 
infrared light from a pulsed Nd:YAG laser. The infrared light quickly heats soot particles in 
the flame to a temperature of almost 4,000 K, causing emission of a distinctive blue light 
with intensity proportional to the concentration of soot. 


ing drop of fuel, the apparatus radiatively 
heats the soot particles to make them 
glow distinctively, and measures the spa- 
tial and temporal distribution of the in- 
candescence. The apparatus thereby 
obtains data on the spatial and temporal 
distribution of the concentration of soot 
in the flame. Such experimental study of 
the distribution of soot in the flame 
from a single drop of fuel provides data 
for testing and developing the theory of 
the complex interactions that occur in 
sprayed-fuel combustion chambers. 

The drop of fuel to be observed has 
an initial diameter of about 1 .5 mm and 
is suspended in the observation position 
on a bead at the lower end of a 230-pm- 
diameter fiber that hangs vertically. The 
drop is ignited by a hot wire. A pulsed 
neodymium:yttrium aluminum garnet 
(Nd:YAG) laser generates the infrared 
beam at a wavelength of 1 ,064 nm. By 
use of lenses and mirrors, the beam is 
formed into a sheet of light and aimed 
slightly off the centerline of the fiber so as 
not to strike the fiber or drop but to pass 
near the fiber and drop so as to irradiate a 
planar region near the center of the flame. 


cal filter so that together, the cameras 
obtain both natural images of the whole 
flame and Ul images of the laser-irradiat- 
ed region of the flame. The deployment 
and ignition of the drop of fuel and the 
timing of the laser, camera, and associ- 
ated circuitry are controlled by an auto- 
mated system that includes a computer 
and digital delay generators. The expo- 
sure time for the Lll images is 100 ns. 

The natural image shows primarily the 
light emitted by oxidizing soot, with both 
emission and absorption integrated along 
the line of sight. The Ul image shows the 
distribution of both oxidizing and nonoxi- 
dizing soot in the laser-irradiated plane. 

This work was done by Randall L. 
Vander Wal and Daniel L. Dietrich of 
Lewis Research Center. For further 
information, write in 81 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW- 16078. 
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Heating via Optical Fibers 
for Control of 
Crystal Growth 

Better control of temperature might lead to 
production of better crystals. 

Marshall Space Flight Center, Alabama 

In an experimental method for growing a single crystal by 
directional solidification from a melt in an ampoule, the crys- 
talline material in the ampoule is heated by thermal radiation 
generated by an external source and transmitted to the 
ampoule via a bundle of high-temperature optical fibers. The 
ampoule ends of the fibers are terminated in a cylindrical quartz 
heating head that surrounds the ampoule and that can be 
translated along the ampoule (see figure). The same or a differ- 
ent bundle of fibers can provide localized, translatable radia- 
tional cooling of the heated region. 

The source can be a lamp or a laser. For operating tempera- 
tures above 1 ,000 °C, the fibers can be made of sapphire. The 
source ends of the fibers are arranged to accept radiation from 
the source, while the ampoule ends are arranged to provide 
axially localized, circumferentially evenly distributed heating or 
cooling of the material in the ampoule. The flexibility of the fibers 
allows translation of the heated region along the ampoule. 

This method is undergoing development in an effort to obtain 
localized radiational heating and/or cooling with a precision not 
previously available except by use of relatively expensive and 



Optical Fibers Are Arranged in the heating head to provide axial- 
ly localized, circumferentially evenly distributed heating or cooling of 
the material in the ampoule. 
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product information 

(603)539-3600 
FAX: (603) ! 

PO Box 1000, 
Ossipee, NH USA 



Efficient and Precise 
Temperature Control 

€• Remote operation usins 
Fuji Electric ISO 9001 PID 
Controllers 

Compact size, saving up 
to 50% amount of space 

^ Modular design with 
unrestricted access to 
all components 

^ Easy to maintain with 
lift-off bonnet 

Ci Capacities from 1 kW to 
lOOkW 

t. Temperature, flow, and 
level alarms 

OEM and special 
configurations 
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Lasers For 
Structured 
Lighting 


multiple lines 

— | — crosshair 

dot line 

single line 

((©))}) circle generators 
dot matrix 


Losiris is the world leader in loser lighting for 
machine vision, industrial inspection, 
olignment and R&D. Our unique loser line 
generators include: 

• Uniform intensity distribution 

• Focus adjustment down to 20pm 

• Interchangeable pattern heads 

• ESD protected to more than 8,000 Volts 

• Amplitude and frequency modulation 

• Full CDRH safety compliance 

• Compact and rugged design 

• Available from stock 

Coll us for oil your standard needs or 
custom applications. 


and custom patterns 



Tel: (514) 335-1005 
Fox: (514) 335-4576 
Internet: http://www.lasiris.com 
e-mail: losiris@montrealnet.ca 
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Measure surface stress 
and retained austenite 


NONDESTRUCTIVE RESIDUAL STRESS ANALYSIS 


SYSTEMS AND SERVICES . 


▼ TEC Model 1630-3 Series Stress Analyzer 

Designed for use on the factory floor or in the laboratory. 
X-ray diffraction technique, no destructive sectioning. 

T TEC Stress Services Group 

Fast, accurate analysis performed in our lab or at your site. 
Residual stress analysis and retained austenite analysis. 

PRODUCTS and LAB SERVICES 
10737 Lexington Drive. Knoxville, 77V 37932 

http://www/tecstress. com/tec 

423-966-5856 fax: 423-675-1241 


Choose from the 
industry's widest 
selection of Blackbody 
Temperature 

References... 


...for "NIST traceable" calibration 


Choose from a broad line of stationary and portable units 
to meet your needs 

Designed for highest possible emissivity - up to 0.999 
Temperature range: -20° to 3000°C, NIST traceable 
Units available with large aperture and 0.01 °C stability 
1 Also available: precision, fixed temperature freezing point 
of metal sources - and hand-held Ml 90 calibration 
transfer standards 


ta MIKRON 


Mikron Instrument Company Inc. 

16 Thornton Rd., Oakland, NJ 07436 
Tel: 1-800-631-0176 or 201-405-0900 
Fax: 201-405-0090 


CALL OR 
FAX TODAY! 


cumbersome equipment. This development is expected to yield 
an improved capability for precise control of crystal-growth 
temperatures, with consequent improvements in the qualities 
of single crystals. 

This work was done by Stephen C. Bates of Thoughtventions 
Unlimited for Marshall Space Flight Center. For further 
information, write in 101 on the TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0021. Refer to MFS-26393. 


Archaeological Applications 
of Advanced Imaging 
Techniques 

Multispectral imaging can be used 
to extract new information. 

NASA’s Jet Propulsion Laboratory, 

Pasadena, California 

Advanced multispectral electronic image-acquisition and 
image-processing techniques are beginning to make it possible 
to extract information that, until now, has been hidden in archae- 
ological objects of interest. For example, a suitable combination 
of advanced imaging techniques can reveal ink residue in writ- 
ing on an ancient manuscript, even when the writing is invisible 
to the unaided eye because the ink has faded or flaked off 
and/or the writing surface has become too dark. 

The basic idea is to do the following: (1 ) Use an imaging spec- 
trometer to acquire spectral images of sufficient spatial and 
spectral resolution (a sufficiently large number of pixels and, 
within each pixel, sufficient spectral resolution in the spectral 
region of interest) and (2) Process the image data to synthesize 
images that show contrasts to reveal features of interest (e.g., 
contrasts between ink residues and surrounding areas). 

One must choose the wavelength(s) of illumination, the 
imaging wavelength band(s), and the image-processing algo- 
rithm^) appropriate to the specimen. For example, viewing in 
the single narrow infrared wavelength band from 970 to 1 ,000 
nm has been found to be excellent for reading many ancient 
texts. For another example, one might need to illuminate the 
specimen with ultraviolet light to excite fluorescence in ink 
ingredients or substrate. 



The Object Is Imaged on the CCD at a wavelength selected by 
use of the LCTF, then the image data are digitized and stored. The 
process is repeated for all wavelength bands of interest to obtain a 
spectral image of the object. 
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FIBER OPTIC ASSEM- 
BLY/ COMPONENT 
4 PRODUCTS 

SpecTnn Specialty Optics Co., a Bellcore 
OA Jp ISO 900 1 -certified manufacturer, has pro- 

~ ^^1 vided engineered fiber optic solutions for 

more than a decade complete fiber, cable, 
component, and assembly packages, designed to increase per- 
formance reliability and lower total system costs. We are the 
only supplier that controls all relevant fiber optic technologies 
within its own facilities-preform manufacture, fiber draw, 
cabling, assembly, and connector technology. Let SpecTran 
Specialty Optics be your primary fiber optic resource; 1 50 
Fisher Drive, PO Box 1260, Avon, CT 06001-1260; (860) 
678-0371; Fax: (860) 674-8818; E-mail ssocfiber@aol.com 

SpecTran Specialty Optics Co. 

For More Information Write In No. 390 



IMPROVE 
ANY FUZZY 
PROBLEM 
WITH 
APART! 

• World s leading stray 
light program! • Improve your signal-to-noise ratio (SNR) 
in any optical system. • Optimize your contrast/detection 
on any ground- or space-based system. • Specify your sur- 
face quality and BRDF from a full coating library. • 
Calculate ghost, glinu, and panicle problems before they 
happen. Breault Research Organization Inc., 6400 East 
Gram Rd., See. 350. Tucson. A Z 85715; Td: (800) 882- 
5085 or (520) 721-0500; FAX: (520) 721-9630. E- 
mailtsales@hrcauk.com; http://www.breault.com 

Breault Research Organization Inc. 

For More Information Write In No. 391 


COMPOUND 
MATERIALS 
FROM ll-VI INC. 

The highest -purity II- VI com- 
pound materials available to 
optical and electro-optical man- 
ufacturers are described in a new 
literature package from II-V1 
Inc., Saxonburg, PA, USA. This 
package includes a product brochure and data sheets. 
Products include epitaxial materials, single-crystal wafers, 
compounded and polyaystalline materials. These products 
are ideal for MBE, LPE, MOCVD, and many other optical 
and electro-optical applications. II- VI Inc., Saxonburg, PA 
16056; (412) 352-1504. 

II-VI Inc. 

For More Information Write In No. 393 




BROCHURE ON 
PRODUCTS, 
FABRICATION 
CAPABILITIES 

Mcllcr Optics, Providence, RI, is 
offering its new brochure describing 
its high-precision optics: sapphire 
windows, substrates, detectors, sen- 
sors, and coated optics. The brochure features machining 
capabilities of the 5-axis Opticam SX machining center as 
well as materials capability, configurations, dimensions, 
testing, and support services. Meller Optics, Inc., David 
Lydon, President; 120 Corliss St., PO Box 6001, 
Providence, RI 02940; (800) 821-0181; (401) 331-3717; 
Fax: (401)331-0519. 

Meller Optics, Inc. 

For More Information Write In No. 394 


OFFICIAL NASA CAPS 

Black cap with gold leaves 
and official insignia. 

Only $9.95 each! 

Please send (insert quantity). 

Add $5.00 for handling and shipping charges. 
NY residents add sales tax. 

TOTAL Enclosed: $ 


NAME 

ADDRESS. 



CITY _ 
STATE. 


ZIP 


Mail payment to: NASA Tech Briefs. Dept F 
317 Madison Ave, New York, NY 10017 

For credit card orders call (212)490-3999 




VUV-TO-NIR OPTICS 
AND COATINGS 

A 52-page “Optics and Coatings" 
catalog from Acton Research Corp., 
Acton. MA, contains all its stan- 
dard optical components provided 
in single pieces as well as large 
OEM quantities. Products include 
excimer and UV laser optics, VUV and UV coatings for 
beamsplitters and mirrors, window and substrate materi- 
als. windows, curved and flat mirror blanks, cylindrical 
and spherical lenses, many kinds of filters, and monochro- 
mators and accessories. Acton Research Corp., PO Box 
2215, Acton, MA 01720; (508) 263-3584; Fax: (508) 
263-5086; Internet http://www.acton-research.com 

Acton Research Corp. 

For More Information Write In No. 398 


THERMOELECTRIC 
COOLING 
PRODUCTS 

Melcor introduces Thermal 
Solutions™, one-stop shopping 
for thermoelectric cooling/heating 
assemblies, temperature con- 
trollers, and many other compo- 
nents. A natural extension to the world’s largest selection 
of thermoelectric coolers (TEC), the Melcor Thermal 
Solutions catalog offers the engineer coordinated compo- 
nents and assemblies for almost any thermal problem, 
complete with application-matched thermoelectric assem- 
blies for air-to-air, liquid-to-air. air-to-plate. and other heat 
transfer combinations. Mdcor, 1040 Spruce St., Trenton, 
NJ 08648; (609) 393-4178; Fax (609) 393-9461. 

Melcor Corp. 

For More Information Write In No. 396 


SPACE STATION T-SHIRT 


xWV. 


TfW N*»»l Sl^o 




Colorful rendition of orbiting station superimposed dra- 
matically on back of black shin; image of Earth on front 
left side. 100% conon. Adult L or XL 
$12.95 

Mail payment to: NASA Tech Briefs. Dept F 
317 Madison Ave. New York. NY 10017 

For credit card orders call (212)490-3999 



INDUSTRIAL 
CHILLERS AND 
LIQUID COOLERS 

NESLAB introduces its new product 
brochure featuring industrial chillers and 
liquid coolers. This brochure indudes fea- 
tures, specifications, and customizing 
options available including re friger at ion, controller, pump, fluid, 
heater, and electrical specs, for applications such as industrial 
lasers, EDM. plastics, plating, packaging, chilled rolls, and weld- 
ing. There is a NESLAB solution tn fit each constant-temperature 
application from industrial to laboratory to semiumductoc NES- 
LAB Instruments Inc, PO Bent 1 178, Portsmouth, NH 03802- 
1178; (800) 4NESLAB; Fax: (603) 436-8411; E-mail: NES- 
LAB@tifesdences.com; URL: http://www.neslabinc.com 

NESLAB Instruments Inc. 

For More Information Write In No. 392 


CCD CAMERA 
WITH MANY 
OPTIONS 

A 128-pagc full-color catalog of 
"High-Performance Digital 
CCD Cameras" from Princeton 
Instruments outlines the company's 
line, with applications from 
microscopy to astronomy. The cooled slow-scan imaging 
CCD cameras have spectral response from x-ray to the near 
infrared. The catalog has spedficarions for the more than 30 
CCD chips offered in the cameras, and application notes to 
help in selecting from the line. Princeton Instruments, Inc, 
3660 Quakerbridge Road, Trenton, NJ 08619; (609) 587- 
9797; Fax: (609) 587-1970. http://www.prinst.com. 

Princeton Instruments 

For More Information Write In No. 395 



OPTICAL 
LIQUIDS 

R. P. Cargille’s Specialty 
Optical Liquids catalog fea- 
tures high-transmission, 
safe-handling laser liquids 
plus fused silica matching 
liquids and specific refrac- 
tive-index liquids (1.300 to 
2.11 n^. The catalog now 
includes comparative dia- 
grams of glasses and optical liquids. R. P. Cargille 
Laboratories, Inc., 55 Commerce Road, Cedar Grove, 
NJ 07009-1289; (201) 239-6633; (201) 239-60%. 

R. P. Cargille Laboratories 

For More Information Write In No. 397 


SPECIALTY 

OPTICAL 

LIQUIDS 


NISLAI I CONSTANT- 

® TEMPERATURE 
SOLUTIONS FOR 
SEMICONDUCTOR 
INDUSTRY 

— . ■- NESLAB introduces its new prod- 
uct catalog, featuring constant-tem- 
perature equipment designed specifically for the semicon- 
ductor industry. This catalog indudes features, specifica- 
tions, application tips, and customizing options available 
induding refrigeration, controller, pump, fluid, heater, 
and dectrical specs. For more information contact Terri 
Pruett, Marketing Coordinator, NESLAB Instruments, 
Inc., PO Box 1 178, Portsmouth. NH 03802-1178; (603) 
430-2251; FAX (603) 436-8411. 

NESLAB Instruments Inc. 

For More Information Write In No. 399 
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The figure schematically illustrates a portable, table-top-size 
imaging spectrometer for use in the field. A liquid-crystal tun- 
able filter (LCTF) is used as a variable-wavelength band-pass 
filter to select a wavelength band for imaging. The LCTF can 
be either in a set of two; one for the mostly visible wavelength 
range from 0.4 to 0.72 pm, and one for the mostly infrared 
range from 0.6 to 1 .05 pm. An astronomical slow-scan cooled 
silicon charge-coupled-device (CCD) camera and computer- 
based electronic instrumentation are used to acquire and store 
spectral images. The CCD is sensitive out to 1 .05 pm, well 
beyond the wavelength of the failing sensitivity of infrared film 
used heretofore. 

Electronic imaging techniques offer several advantages over 
film photography in archaeology. Electronic images are avail- 
able immediately; there is no delay for chemical processing or 
subsequent refocusing. A remotely situated editor could par- 
ticipate in an imaging session via television, guiding an imag- 


ing technician in locating and imaging the features of interest. 
If, for example, a closeup image is needed, the imaging sys- 
tem can be adjusted on the spot to obtain the correct spatial 
detail. The editor can perform, or request that the imaging 
technician perform, any number of image-processing steps 
until the desired data have been obtained; this can help pre- 
vent the emergence of problems after the shooting session 
has been completed — a characteristic disadvantage of film 
photography. Digital imaging is also suitable for routine pro- 
duction; a considerable amount of text (or many objects) can 
be imaged and the images can be enhanced and made avail- 
able for scholars in a short time. Providing images of the high- 
est quality in a timely manner can enhance and accelerate 
scholarly publication. 

This work was done by Gregory H. Bearman of Caltech for 

NASA’s Jet Propulsion Laboratory For further information, 
write in 100 on the TSP Request Card. NPO- 19865 


Hybrid Infrared Instrument for Measuring 
Surface Temperature 

A boresighted FTIR spectrometer would provide a correction for water vapor. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


A hybrid infrared instrument has been proposed for airborne 
or spaceborne use in mapping the instantaneous temperature 
on the surface of the Earth. The hybrid instrument would make 
it possible to retrieve surface temperatures with greater accu- 


A US Manufacturer of 
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Increase your competitive edge with ESCO 

ESCO manufactures and stocks: 

• Lenses • Prisms • Mirrors • Windows • Filters 

• Beam Splitters • Optical Flats • Substrates 
from Fused Silica, Optical Glass, and Sapphire in 
prototype and production quantities with either 
commercial or precision finishes. 

Complete production facilities under 
one roof. 

Rigid tolerances and flexible service. 

Write or Call for Handbook ] 

Call Toll Free: 1-800-922-ESCO 

ESCO Precision Optics 



A Division of ESCO Products, Inc. 

171 Oak Ridge Road, Oak Ridge, New Jersey 07438 
(201)697-3700 


FAX: 201-697-3011 


racy than can be obtained when using only a thermal-infrared- 
imaging radiometer developed previously for this purpose. 

The proposal was made in response to an analysis of mea- 
surements taken with an airborne visible/infrared imaging 
spectrometer. The analysis revealed that of the unpredictable 
phenomena that affect radiometric measurements, the one that 
contributes the greatest amount of uncertainty to surface- 
temperature estimates is absorption and reemission of infra- 
red radiation by water vapor in the atmosphere. Thus, it would 
be necessary to acquire concurrent data on the atmospheric 
water-vapor content along the line of sight in order to make the 
corresponding corrections to the surface-temperature estimates. 

The required water-vapor data could be obtained by use of 
a Fourier-transform infrared (FTIR) spectrometer of modest 
design. Accordingly, the hybrid instrument would include the 
thermal-infrared-imaging radiometer used previously, plus 
the FTIR spectrometer, which would be boresighted toward 



Thermal-Infrared- 

Imaging 

Radiometer 


Boresighted 
^ Fourier-Transform 
Infrared 
Spectrometer 


Infrared 

Radiation 


Ground 


The Airborne Imaging Radiometer and FTIR Spectrometer would 
be aimed at the same ground target to obtain data on surface tem- 
perature. The output of the FTIR spectrometer would provide a cor- 
rection for the water-vapor content of the intervening atmosphere. 
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the same target as that observed by the 
radiometer (see figure). Computational 
simulations for some representative 
cases have shown that whereas surface- 
brightness-temperature errors attribut- 
able to atmospheric water vapor can be 
as large as tens of Kelvins, the root- 
mean-square error in surface brightness 


temperature obtained with the hybrid 
instrument would be about 0.45 K. 

This work was done by Thomas G. 
Chrien of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 102 on the TSP 
Request Card. NPO- 19650 


Program Simulates Effects of 
Radiation Damage in CCDs 

Measures of degradation of performance 
are estimated probabilistically. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The Charge-Coupled Device Radiation 
Damage Assessment (CCDPFA) com- 
puter program is a simulation program 
that utilizes the generic probabilistic fail- 
ure assessment (PFA) methodology to 
evaluate degradation in the perfor- 
mances of charge-coupled devices as a 
consequence of exposure to radiation. 
CCDPFA can be used to compute CCD- 
performance-degradation sensitivities, 
the understanding of which contributes 
to efficiently making design tradeoffs 
while satisfying performance goals. 

The CCD performance parameters 
characterized are charge-transfer efficien- 
cy (CTE) and signal-to-noise ratio (S/N). 
The CCD signal is derived from photon- 
flux spectrum and quantum-efficiency 
spectrum inputs. The radiation-environ- 
ment input is in the form of a fluence spec- 
trum for each radiation source considered. 
A transfer-curve methodology is used to 
compute CTE degradation and the effect 
of dark current on degradation in S/N. 

CCDPFA is modular and includes rou- 
tines for (1) computing signal, CTE, dark 
current, and S/N; and for (2) a statistical 
procedure called “bootstrapping,” which 
is an efficient way to imbed the uncer- 
tainty in an empirical transfer curve with- 
in a simulation program. Also included is 
a routine for characterizing the bivariate 
distribution of the performance mea- 
sures, CTE and S/N, from the simulated 
performance data, plus routines for gen- 
erating values from uniform, normal, 
gamma, and beta probability distribu- 
tions. An illustrative application is docu- 
mented in order to demonstrate CCDP- 
FA capabilities, using data collected for 
the Cassini camera, the Multi-Angle 
Imaging Spectro- Radiometer (MISR) and 
the Solar-A Soft X-Ray Telescope. 

The generic PFA methodology com- 
bines engineering analysis with engineer- 
ing assessment and modeling of uncer- 
tainty and any relevant test and opera- 


tions experience in order to quantify per- 
formance. In this application, sources of 
uncertainty are the radiation environ- 
ment, design parameters, and the trans- 
fer function. CCDPFA can be used at any 
time in the design, development, or oper- 
ational phase of a program, using the 
information available. 

CCDPFA is written in FORTRAN 77 to 
be machine-independent. A FORTRAN 
77 compiler is required to build the exe- 
cutable code. A sample executable code 
for MS-DOS is provided. CCDPFA has 
been successfully implemented by COS- 
MIC on IBM-compatible computers run- 
ning MS-DOS 5.0 and Linux 1.1.59, a 
DEC MicroVAX 3600 computer running 
VMS 5.5-1 , Sun4-series systems running 
SunOS 4.1.3 and Sun Solaris 5.4, a 
DECstation 3100 computer running DEC 
RISC ULTRIX 4.3, and an HP9000/705 
computer running HP-UX 9.01 . It may be 
necessary to adjust array sizes, depend- 
ing on the applications; however, 2MB of 
main memory and 3MB of hard-disk 
space should be sufficient for most appli- 
cations. The standard distribution medi- 
um for CCDPFA is a 0.25-in. (6.35-mm) 
streaming-magnetic-tape cartridge (Sun 
QIC-24) in UNIX tar format. Alternate dis- 
tribution media and formats are available 
upon request. When ordered on MS- 
DOS diskette, the contents of the dis- 
kette have been compressed by use of 
the PKWARE archiving software tools. 
The utility software to unarchive the files, 
PKUNZIP.EXE, is also included. CCDP- 
FA was under development from 1993 
through 1994, and is a copyrighted 
work with all copyright vested in NASA. 

This program was written by 
Nicholas Moore, Donald Ebbeler, and 
Laura Newlin of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 11 on the TSP 
Request Card. NPO- 19631 


Pulsed Laser 
Diode Driver 

• Pulse Current 1A to 100A 

• Pulse Width 25ns to Ips 

• Pulse Frequency to 5KHz 

The LDX-100 is a benchtop 
laser diode driver designed to 
drive diode lasers, bars and 
arrays in RANGE FINDER, 
LIDAR and other applications 
requiring high current and 
narrow pulses. 
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Portable Sensors Would Locate Launching 
and Firing Sites 

Advanced positioning techniques would be implemented in wristwatch-sized devices. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Small, portable optoelectronic sen- 
sors have been proposed for use in 
determining the latitudes, longitudes, 
and altitudes of missile, rocket, artillery, 
and mortar launching and firing sites in 
nearly real time. These sensors would 
detect flashes of visible and infrared light 
emitted from launches and firings; the 
sensors would be passive in the sense 
that unlike radar-based sensors, they 
would not emit probing beams of elec- 
tromagnetic radiation that could be 
detected by enemy sensors. Approx- 
imately the size of a wristwatch, each 
sensor could easily be carried by a sin- 
gle person. These sensors would re- 
place the large, heavy, power-hungry, 
trailer-mounted active-radar and opti- 
cal/acoustical systems that are now 
used to detect launches and firings. 

Each sensor would include an active- 
pixel array of photodetectors configured 
in a toroidal ring, an annular “fly’s-eye” 
optic that would direct incoming light 
onto the array, an internal compass for 
reference to magnetic or true north, a 
Global Positioning System (GPS) re- 
ceiver, and a microcomputer. From the 
location of the image of a flash on the 
array and from the position and orienta- 
tion information supplied by the GPS 
receiver and compass, the microcom- 
puter in each sensor would determine a 


line that passed through that sensor 
and the location of the flash. 

The proposed sensors would be 
operated in pairs, the sensors in each 
pair being deployed to different loca- 
tions a known distance apart to obtain 
different directional fixes. One sensor in 
a pair would be designated as the pri- 
mary sensor. The location of a flash could 
be identified as the intersection of the 
lines determined by the two sensors. 
The supporting sensor would transmit 
its information to the primary sensor, 
which would compute the coordinates 


of the intersection, thereby locating the 
source of the flash in three dimensions. 

The use of the proposed sensors 
could also extend to the detection of for- 
est fires. Flame “hot spots” could be 
identified, and fires initiated by lightning 
could be recognized early. 

This work was done by Philip I. 
Moynihan and Maurice L. Langevin of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 10 on the TSP Request Card. 
NPO-19757 



The Flash Sensor would determine its own position plus the direction of a line along which 
a flash of light arrived. The intersection of two such lines from two such sensors would be 
computed by the “primary” sensor and assumed to be the location of the source of the flash. 


Sapphire Fiber-Optic Endoscopes for High Temperatures 

Instruments would provide images of combustion processes. 

Lewis Research Center, Cleveland, Ohio 


Endoscopes made with coherent bun- 
dles of sapphire optical fibers have been 
proposed. These endoscopes are intend- 
ed for use in experimental research on 
combustion and flow phenomena in 
developmental high-temperature en- 
gines, and in monitoring and controlling 
the operation of such engines. The opti- 
cal outputs of these endoscopes would 
be fed to video cameras to generate 
video images of the phenomena of in- 
terest. The digitized image data could 
also be processed to extract quantita- 
tive data on the phenomena. 

These endoscopes would function in 
the same manner as do commercial 


endoscopes made for lower tempera- 
tures. However, these endoscopes 
would exploit recent advances in the 
fabrication of bundles of sapphire opti- 
cal fibers that are suitable for imaging 
and can withstand high temperatures. 
In an experiment to demonstrate feasi- 
bility, a prototype bundle of 100 sap- 
phire fibers, each 100 pm in diameter 
was used to obtain a video image of a 
scene at a temperature of 1 ,000 °C. For 
a typical future application, a bundle of 
many more narrower fibers potted for 
survival at high temperature along with 
a high temperature lens could be cou- 
pled where the temperature is lower to 


a glass fiber bundle and a standard video 
camera to create an endoscope with a 
use temperature as high as 1 ,500 °C. 

This work was done by Stephen C. 
Bates of Thoughtventions Unlimited for 
Lewis Research Center. For further 
information, write in 5 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW- 16227. 
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Mathematics and 
Information Sciences 


Multiple Turbo Codes for 

Deep-Space 

Communications 

A report proposes a method of coding 
and decoding for deep-space communi- 
cations. The method is based on the 
same turbo-code concept as that 
described in “Turbo Coding and 
Decoding for Personal Communications” 
(NPO- 19634) elsewhere in this issue of 
NASA Tech Briefs . The report introduces 
multiple turbo codes and a suitable 
decoder structure derived from an 
approximation to the maximum a poste- 
riori probability decision rule; this 
decoder structure is parallel, whereas 
that of the original turbo decoder scheme 
for the two-code case is pure serial. 

This work was done by Dariush 
Divsalar and Fabrizio Pollara of Caltech 
for NASA’s Jet Propulsion Laboratory. 
To obtain a copy of the report , “ Multiple 
Turbo Codes for Deep-Space Com- 
munications," write in 19 on the TSP 
Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be 
addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19635, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Electronic Systems 


Reducing Dark Currents in 
In^Ga^As/GaAs Quantum- 
Well Devices 

A report presents a discussion of two 
ln,Ga,_,As/GaAs quantum-well infrared 
photodetector devices. The quantum- 
well layer configuration of one of the 
devices comprises five 80-A-thick 
Ino isGao esAs quantum-well layers doped 
to 5 x 10 17 cm -3 , separated by 500-A- 
thick quantum-barrier layers of undoped 


GaAs; the outer contact layers are made 
of GaAs doped to 10 18 cm" 3 . Unlike in the 
first device, the outer two undoped 500- 
A-thick layers in the second device serve 
as spacer layers between the outer two 
quantum wells and the outer doped con- 
tact layers. The report discusses the fore- 
going and related matters, including the 
fabrication and testing of the devices. The 
results of the tests confirm expectations; 
the dark current of the second device 
was found to be of the order of 10" 5 to 


ICT* that of the first device at tempera- 
tures up to 60 K. 

This work was done by Sarath 
Gunapala, True-Lon Un, and Jin S. 
Park of Caltech for NASA’s Jet 
Propulsion Laboratory To obtain a 
copy of the report, “ Dark Current 
Reduction by Spacer Layers, m write in 
29 on the TSP Request Card. 

NPO- 19426 

(continued on page 160) 


QUALITY DESIGN FDR 
YOUR FINGERTIPS 

Davies Provides Unlimited Possibilities 
For All Of Your Knob Applications 

Since 1933, Davies has offered the most complete line of knobs in a wide 
variety of styles, colors, sizes and mounting configurations. These 
attractively styled knobs are rugged in construction and are designed to 
last. Quality is foremost and attention to detail is evident in every knob 
Davies manufactures. Consider these Davies' advantages: 

• Davies produces the largest variety of compression and injected 
molded Knobs in the business. 

• A huge selection of standard knobs saves tooling costs and set-ups. 

• Producing specials is Davies' standard business. 

• Tooling financing available on special custom knobs. 

• A leading edge design and engineering department with CAD 
file availability. 

• A wide variety of secondary 

manufacturing operations — 




We Sell Solutions 

800 - 554-9208 


DAVIES 

Designers & Manufacturers 
Of Knobs, Handles & Cases 


350 E. Kehoe Blvd. 
Carol Stream, IL 60188 
FAX 630-510-9944 
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METAL BELTS 
AND DRIVE 
m TAPES 

This general product brochure 

describes the various attributes 
that make metal belts and 
W 1 drive tapes an exceptional and 

exciting option for design 
engineers. Manufactured by 
Belt Technologies for 25 years, 
this unique family of products has helped design engineers 
overcome challenging application requirements in the elec- 
tronics, aerospace, biomedical, optical and packaging 
industries. Belt Technologies, Inc., PO Box 468, Agawam, 
MA 01001; Tel: 413-786-9922; Fax: 413-789-2786. 

Belt Technologies, Inc. 

For More Information Write In No. 300 




SPECIALIST IN 
GLASS 
DEWARS 

Full range of configurations, 
applications. Sizes from 
small to extremely large. 
Complex multiwall dewar 
and cryostat designs. 
Highest quality materials, 
fabrication — glassblowing, 
silvering, evacuation. Pope 
custom and standard 
dewars sold worldwide. Respected as leading specialist for 
more than 30 years. Informative FREE cryogenic catalog. 
Custom glass apparatus and repairs available. Pope Scientific, 
PO. Box 495, Menomonee Falls, WI 53052-0495. 

Pope Scientific, Inc. 

For More Information Write In No. 301 



FULLY INTE- 
GRATED VES- 
SEL SYSTEMS 

High purity, sterile, or haz- 
ardous materials stored, trans- 
ferred, mixed, or processed in 
custom stainless steel vessels. 
Modifications, accessories for 
in-place heating, cooling, 
sterilization, etc. Also heavy- 
duty stirrers, variety of finishes, fittings, valves, gauges, 
probes, instrumentation, etc. Meet ASME, UN require- 
ments. Applications assistance, design, fabrication. Custom 
systems a specialty; standard sizes stocked. Pope Scientific, 
PO. Box 495, Menomonee Falls, Wl 53052-0495. 

Pope Scientific, Inc. 

For More Information Write In No. 302 




FREE 1997 INSTRUMEN- 
TATION REFERENCE 
AND CATALOGUE 

The National Instruments 1997 catalogue 
features our new BridgeVIEW™ and 
Lookout™ software packages for industrial automation. 
Other software products include LabVIEW®, 
Lab Window® /CVI, and HiQ®. In addition, our new line 
of IMAQ™ products provides a complete imaging solu- 
tion. Hardware products include GPIB, DAQ, VXI, and 
new serial interfaces for industrial communications appli- 
cations. National Instruments, 6504 Bridge Point Parkway, 
Austin, TX 78730; Tel: 512-794-0100 or 800-433-3488 
(U.S. and Canada); Fax: 512-794-8411; E-mail: 
info@natinst.com; www.natinst.com. 

National Instruments 

For More Information Write In No. 303 



FREE 

INSTRUMENTATION 
SOFTWARE DEMOS 

Software Showcase is a multimedia 
CD-ROM that gives you an interactive overview of the 
leading instrumentation software packages from National 
Instruments. Demonstration versions are included. Software 
featured includes: LabVIEW graphical instrumentation 
software; LabWindows/CVI visual development software; 
ComponentWorks software for Visual Basic Measure soft- 
ware for Microsoft Excel; and Virtual Bench turnkey virtual 
instruments. Software Showcase runs on Windows 3.1/95, 
Macintosh, and Power Macintosh. Call for a FREE 
Software Showcase. National Instruments; Tel: 800-433- 
3488; Fax: 512-794-8411; E-mail: Info@natinst.com; 
http:/www.natinst.com. 

National Instruments 

For More Information Write In No. 304 



■ ELECTRO- 
MAGNETIC 
DESIGN 
SOFTWARE 

The legendary Vector Fields 
suite of software, including the 
TOSCA, ELEKTRA and 
OPERA packages, combines 
classical Finite element tech- 
niques with user friendly inter- 
active graphics for high accuracy 2D and 3D simulation 
and design of all types of electromagnetic equipment. 

Vector Fields Inc. 

1700 North Farnsworth Avenue 
Aurora, IL 60505 

Tel: 630-851-1734 Fax: 630-851-2106 

For More Information Write In No. 306 



NEW INTEGRAL 
FASTENING 
SYSTEM 

3,380 inch and metric drive 
components are offered in the 
NEW Fairloc® Components 
Catalog, D241. Included are 
many items which feature the 
patented Fairloc® fastening 
system. Fairloc® is self-con- 
tained, non-marring, easily adjusted, fully supports the 
component, and is cost effective, unlike conventional fas- 
tening methods. Stock Drive Products/Stcrling Instrument, 
2101 Jericho Turnpike, Box 5416, New Hyde Park. NY 
11042-5416; Tel: 516-328-3300; Fax: 800-737-7436; 
Web: http://www.sdp-si.com. 

Stock Drive Prod./Sterling Inst. 

For More Information Write In No. 307 



DUAL-CHANNEL 
FFT SPECTRUM 
ANALYZER 

The SR780 is a two-channel 
FFT analyzer with a frequen- 
cy range of 102.4 kHz and a dynamic range of 90 dB. 
Features include ANSI standard octave analysis, swept 
sine measurements, transient capture, and computed 
order tracking (opt.). The SR780 comes with a low dis- 
tortion source (-80 dBc), 8 MB of memory (up to 32 
MB opt.), a 3.5-inch DOS disk drive and RS-232 and 
GPIB computer interfaces. SR780 FFT Spectrum 
Analyzer. U.S. List Price $9,950. Stanford Research 
Systems, Inc.; Tel: 408-744-9040. 

Stanford Research Systems, Inc. 

For More Information Write In No. 305 



INTELLIGENTLY AUTO- 
MATED PREDICTIVE 
MODELING SOFTWARE 

PRW™ (Pattern Recognition Workbench™) is automated, 
scalable, and flexible data mining software, offering true high- 
performance computing for modeling applications. PRW 
folly integrates the knowledge discovery process, automatically 
(or manually) creating, optimizing, validating, and deploying 
the best of hundreds of predictive models, employing a suite of 
proven statistical & neural network algorithms plus powerful 
experiment managers. PRW turns data into actionable infor- 
mation. providing true multi -dimensional intelligence upon 
which to successfully develop and implement business and 
technology solutions for strategic competitive advantage. For 
Demo Software, Textbook, and Consulting — Call Unica 
Solutions at 617-259-5900. 

Unica Solutions, Inc. 

For More Information Write In No. 308 
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TIME AND 
FREQUENCY 
PRODUCTS 

TrueTime’s Precision Time 
and Frequency Products cata- 
log features GPS-Synchro- 
nized Clocks in rackmount. 
portable, and board-level con- 
figurations. Indudcd are illus- 
trations and product specs for 
Synchronized Clocks. Time Code Products, Board Level 
Products and Remote Displays. TrueTime products fit a 
variety of time and frequency applications. TrueTime, Inc., 
2835 Duke Court, Sana Rosa, CA 95407; TeL 707-528- 
1230; Fax; 707-527-6640; E-mail: truetime@nbn.com. 

TrueTime, Inc. 

For More Information Write In No. 309 



AUTOMATED PRES- 
SURE GAUGE CALI- 
BRATION SYSTEM 

APP's Automated Pressure Gauge 
Calibration System is designed to test the 
linearity, hysteresis, and repeatability of 
pressure gauges and transducers. The system can calibrate up to 
40 slave gauges or transducers in one calibration process. The 
highly accurate system is available in pressure ranges from vacu- 
um to 60,000 PS1. Easy control over the entire calibration pro- 
cess as well as automatic report generation is made possible by 
user-friendly Windows-based software. Advanced Pressure 
Products, 83 Brown Rd., Ithaca, NY 14850; Tcfc 607-257-5544 
or 800-APP-VALV; Far 607-257-5639; E-mail: infb@pmi- 
app.com; URL http.// www.prmapp.com. 

Advanced Pressure Products 

For More Information Write In No. 310 



CYCLIC PRES- 
SURE CONTROL 
SYSTEMS 

APP’s Automated Cyclic Pres- 
sure Control Systems (pneu- 
matic & hydraulic versions) are designed for pressures rang- 
ing from vacuum to 30,000 PSI. The systems provide accu- 
rate and consistent cydic pressurization and depressurization 
of small samples and large systems. Windows-based control 
and report programs are user-friendly and allow easy modifi- 
cation for specialized testing. Applications include fatigue 
testing of medical and industrial devices. Advanced Pressure 
Products, 83 Brown Rd., Ithaca, NY 14850; Tel: 607-257- 
5544 or 800-APP-VALV; Fax: 607-257-5639; E-mail: 
info@pmiapp.com: URL’ http// www.pmiapp.com. 

Advanced Pressure Products 

For More Information Write In No. 311 


INSTRUMENT 
CATALOG 1996 

Metric sells, rents and buys 
the latest in refurbished elec- 
tronic test and measurement 
instruments from Hewlett 
Packard. Tektronix, Fluke. 
Keithley. etc. All products are 
tested in our lab to insure 
compliance to original manu- 
facturers' specifications and 
are traceable to N.I.S.T. Six-month warranty on most models, 
five-day free trial, complete with accessories and manuals. 
BIG SAVINGS 20% to 60% off list. For free catalog call 
Metric; Teh 800-432-3424; Fax: 4 1 5-34 1 -8874. 

Metric Equipment Sales, Inc. 

For More Information Write In No. 312 



MASS FLOW 
APPLICATIONS 
HANDBOOK 
VOL II 

VOL II of all-new applica- 
tions handbook from ABB 
K-Flow graphically illus- 
trates a wide variety of Cori- 
olis flow process configura- 
tions with ABB K-Flow 
flowmeter system appropri- 
ate for each application. Updated applications involving 
Mass (Liquid, CNG, Multi-component), Density (SG, 
API, Brix), % Solids, % Liquids, P1D, Ratio Blending, 
Batching, Proportioning, and others are included. 

ABB K-Flow 

For More Information Write In No. 313 




BURST PRESSURE 
TEST SYSTEM 

APP’s Automated Burst Pressure Test Sy- 
stem is designed to determine exact pres- 
sure at which materials burst or fail. 
Applications include: burst pressure of 
disks or pressure vessels, crushing point of 
materials, crimp or vent failure of battery casings, and 
fatigue cycling. The automated testing method uses high- 
speed, high-accuracy processing and control algorithms to 
determine leak or burst pressure. Pressures up to 60,000 
PSI are possible. Accuracy of results is within ±.25% of full 
scale and resolution is within ±.01% of full scale. Advanced 
Pressure Products, 83 Brown Rd., Ithaca, NY 14850; Td: 
607-257-5544 or 800-APP-VALV; Fax: 607-257-5639; E- 
mail: info@pmiapp.com; URL: http://www.pmiapp.com. 

Advanced Pressure Products 

For More Information Write In No. 314 



TELEDYNE 
WAH CHANG: 
FIRST IN 
REACTIVE & 
REFRACTORY 
METAL 
SOLUTIONS 

Tcledyne Wah Chang is 
the worlds largest produc- 
er of hafnium, pure niobi- 
um, and vanadium, and is also one of the world’s largest 
producers of tiunium and zirconium, available in various 
degrees of purity or in specialty alloys. Visit our Internet 
site at http://www.rwca.com or call 541-967-6977. 

Teledyne Wah Chang 

For More Information Write In No. 315 



1996 PCMCIA 
PRODUCTS 
CATALOG 

The new PCM CIA- PC CARD stan- 
dard has brought many new devices 
such as Video Capture, 1 6-bit Stereo. 
CD-ROM, Wireless Communication 
and PC Card Camera Cards. 
ENVOY DATA has just released its 
new catalog with these new products plus many other prod- 
ucts like: Memory. I/O (serial, paralld, SCSI, A/D, etc), 
along with Industrial Card and Drives. Multimedia, 
Industrial, and Engineering tools for PCMCIA applications. 
Td: 602-892-0954; Fax: 602-892-0029; Visit our Web 
pace: http^/ www.cnvoydata.com. 

L ENVOY DATA Corporation 

For More Information Write In No. 318 


-aT MATH 

I KikiWW B MODELING 
WITH TK 
SOLVER 

Engineering and scientific 
math modeling tool provides 
great value. Find out why 
Amoco, Allied Signal, Dow, 
DuPont and others have TK 
Solver Site Licenses. OLE 
compatible — integrates well with Excel and Visual Basic. 
Attractive output. Powerful applications like Roark’s 
Formulas. Universal Technical Systems, Inc.; Tel: 800- 
435-7887; E-mail: sales@uts.com. 

Universal Technical Systems, Inc. 

For More Information Write In No. 316 




SURFACE AREA 
ANALYZER 

PMI's Windows-based En- 
velope Surface Area Analyzer 
(WESA) offers a simple, 
quick, and reliable method for obtaining the envdope sur- 
face area of a powder by using the Bow perm cam etry tech- 
nique. WESA uses accurate, state-of-the-art flow control 
with no special gases or liquid nitrogen required. The ana- 
lyzer is controlled by user-friendly Windows- based soft- 
ware, which provides user interface and dialog boxes when 
needed. Porous Materials, Inc, 83 Brown Rd., Ithaca, NY 
14850; TeL- 607-257-5544 or 800-TALK-PMI; Fax: 607- 
257-5639; E-mail: info@pmtapp.com; URL: http:// 
www.pmiapp.com. 

Porous Materials, Inc. 

For More Information Write In No. 317 


Hiram Jones Electron- 
ics, Inc./A Division of 
the Seastrom Hardware 
Group manufactures a 
complete line of stan- 
dard miniature and sub- 
miniature terminals 
including: insulated test 
jacks, assembled stand- 
offs and press -type ter- 
minals. All standard cat- 
alog items arc available 
for immediate pricing 
and delivery. Call today for your free 27-pagc catalog: 
800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Write In No. 319 



Danfoss 

Electronic 

«.« ° ,im 


ADJUSTABLE SPEED 
DRIVES FOR 
APPLICATIONS 
TO 300 HP 

A new Danfoss catalog provides an 
overview of the VU 2000, VIT 3000 and 
VLT 3500 Series AC drives (spanning 1/2 
bo 300 HP); AC controls; Cydend Senes DC controls; VariSpced 
DC adjusoble speed controls; and RDS-20 DC adjustable speed 
controls. An AC Technical Reference section reviews AC motor 
technology and adjustable frequency drive technology and a DC 
Technical Reference reviews DC motor/drive technology. Darios 
Electronic Dmes. Division of Darios, Inc, 2995 Eastrack Drive, 
Rockford, IL 61 109; Tcfc 800-432-6367; Fax: 81 5-398-2869. 

Danfoss Electronic Drives 

Division of Danfoss, Inc. 

For More Information Write In No. 320 
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FREE ELECTRON- 
ICS PURCHASING 
MANUAL 

For same day shipping, helpful 
technical assistance, no minimum 
orders and broad inventory selec- 
tion, send for Mouser’s newest cat- 
alog featuring 68,000+ components from 125+ leading 
manufacturers including 3M, Amp, NEC, SGS 
Thomson, Rohm, and more. Mouser also provides many 
specialized services including cross- referencing, same-day 
credit, drop shipments, scheduled orders, and guaranteed 
pricing. Mouser Electronics, 958 N. Main St., Mansfield, 
TX 76063; Sales: 800-346-6873; Fax: 817-483-0931; E- 

mail: catalog@mouser.com; http://www.mouscr.com. 

Mouser Electronics 

For More Information Write In No. 321 



THE SOURCE 
FOR ELEC- 
TRONIC & 
MECHANICAL 
HARDWARE 

Scastrom takes pride in 
offering one of the widest 
selections of standard elec- 
tronic and assembly hard- 
ware available from stock. 
Seastrom’s 66-A Catalog 
provides a complete source for over 45,000 products. For 
a free 550-pagc catalog, call 800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Write In No. 322 
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NETWORK 
FOR DSP 
APPLICATIONS 

Introducing FibreXpress™, 
SYSTRAN Corp.’s new line 
of Fibre Channel host bus 
adapters. FibreXpress is ideal 
for very-high-speed mass stor- 
age and high-throughput, 
data-intensive DSP applica- 
tions such as radar, sonar, medical scanners, and OCR. 
Request your free catalog today! SYSTRAN Corp.; Tel: 
937-252-5601 or 800-252-5601; Fax: 937-258-2729; E- 
mail: info@systran.com; http://www.systran.com. 

SYSTRAN Corp. 

For More Information Write In No. 323 


METALS & 
MATERIALS FOR 
RESEARCH 

A large selection of research 
metals and materials are avail- 
able in small quantities, ready 
for immediate shipment. 
Almost 4,000 items are listed, 
along with technical specifica- 
tions and comparative data. 
Featured are pure metals, alloys, polymers, ceramics, 
composites, and honeycombs. 48-hour delivery. Custom 
services are also available. Goodfollow Corporation, 800 
Lancaster Ave., Berwyn, PA 19312-1780; Tel: 800-821- 
2870; Fax: 800-283-2020; E-mail: info@goodfellow.com. 

Goodfellow Corp. 

For More Information Write In No. 324 




Arcmco's Corr-Paint protec- 
tive coatings represent the 
most expansive line of high- 
temperature ceramic-, sili- 
cone-, and urethane- based 
products available on the 
market today for applica- 
tions to 2,500 °F. Aremco is 
also a manufacturer of 
machinable and sintered 
ceramics, as well as high- 
temperature adhesives and potting compounds. Aremco 
Products, Inc., P.O. Box 429, 23 Snowden Ave., Ossining, 
NY 10562-0429; Tel: 914-762-0685; Fax: 914-762-1663. 

Aremco Products, Inc. 

For More Information Write In No. 325 


205,000 REASONS 
WHY YOUR AD 
BELONGS HERE 

NASA Tech Briefs Literature Spotlight section 
offers a low-cost way to reach over 205,000 
industry and government LEADERS with your 
advertising message. These are technology 
managers, design engineers, and scientists with 
tremendous buying power. The February 1997 
issue is your next opportunity to use this high- 
impact sales tool. For more information or to 
reserve space in Literature Spotlight, contact 
your NASA Tech Brief sales representative, or 
call Joseph Pramberger at 800-944-NASA. 



MATRIXx FROM 
INTEGRATED 
SYSTEMS 

The MATRIXx product family fea- 
tures: SystemBuild™, the indus- 
try’s leading graphical modeling 
and simulation environment; 
Xmath™, the first object-oriented 
mathematical analysis and visualization tool; 
AutoCodc®, the first and most sophisticated automatic 
C and Ada code generator; Documentlt™, the first auto- 
matic documentation generator; and the RealSim 
Series™ of rapid prototyping computers. Integrated 
Systems Inc., 201 Moffett Park Drive, Sunnyvale, CA 
94089; Tel: 408-542-1500; Fax: 408-542-1950. 

Integrated Systems Inc. 

For More Information Write In No. 327 


DATA ACQUISI- 
TION SYSTEMS 

New OMEGA Complete Data 
Acquisition and Computer 
Interface Handbook and 
Encyclopedia® offers over 650 
full-color pages with products 
including communications- 
based systems and plug-in 
cards for IBM, Apple, PS/2, 
and Macintosh computers. 
Includes newest prices (U.S. Dollars) and specifications, 
plus software for data acquisition and control. Over 40 
pages of valuable technical information. Omega 
Engineering, Inc.; Tel: 202-359-7874. 

Omega Engineering, Inc. 

For More Information Write In No. 328 



PRESSURE 
SENSORS & 
ELECTRONICS 

New 112-page catalog of 
Entran’s Pressure Sensors with 
associated Power Supplies, 
Amplifiers, and Meters. A broad 
selection from ultra-miniature 
probes to rugged thread 
mounts. Low and high pressure ranges for static, dynamic, 
and shock testing in Aerospace, Industrial, Process, 
Automotive, and Military applications. Many items arc 
"OFF-THE-SHELF" Stock. Call, fox, or use the reply card. 
Entran Devices, Inc., 10 Washington Ave., Fairfield, NJ 
07004; Td: 888-8-ENTRAN; Fax: 201-227-6865. 

Entran Devices, Inc. 

For More Information Write In No. 329 



THERMO- 
COUPLES, 
MAKE YOUR 
OWN 

The HOTSPOT allows 
thermocouple wire to be 
formed into freestanding 
junctions, or welded to 
metal surfaces. It provides a 
simple means of fabricating 
thermocouples “when needed and where needed.” 
Brochure and specification sheet available. Address: 7300 
North Crescent Blvd., Pennsauken, NJ 08110. Tel: 609- 
662-7272; Fax: 609-662-7862. 

DCC Corp. 

For More Information Write In No. 330 




PRECISION 
POSITIONING & 
MOTION CONTROL 
CATALOG 

FREE, detailed 160-page catalog 
covers NEAT’s expanding line of 
Precision Positioning and Motion Control Systems. 
Featured arc single-axis, X-Y, multi-axis, rotary, high-vacu- 
um, and air bearing positioners, along with NEAT’s com- 
plementary line of stepping and servo motors, encoders, 
drives, and controls. Catalog includes an Engineering 
Considerations guide, an overview of Custom Designs, and 
a Glossary for reference. Visit our Web Site at: 
www.neat.com. New England Affiliated Technologies, 620 
Essex St., Lawrence, MA 01841; Tel: 800-227-1066 or 
508-685-4900; Fax: 800-523-8201 or 508-688-8027. 

New England Affiliated Technologies 

For More Information Write in No. 331 


PRESSURE 
TRANSDUCERS/ 
TRANSMITTERS 

Taber pressure transducers/ 
transminers are oudined in 
a new brochure. They arc 
available in low and high 
models in a variety of pres- 
sure ranges. Differential 
transducers provide high 
differential overload pres- 
sure and high line pressure capability. Oceanographic 
transducers are completely submersible, highly accurate 
pressure sensors. For more information call: Tel: 800- 
333-5300: FAX: 716-694-1450. 

Taber Industries 

For More Information Write In No. 332 
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LITERATURE SlQrUGHT 




EMI/RFI SHIELDING 
PRODUCTS 

New catalog details hundreds of 
standard gaskets and grounding 
strip variations, engineered to meet 
the most common shielding appli- 
cations. Standard as well as custom 
designed shields are manufactured 
from Beryllium. Copper, and other High-performance 
materials. Special finishes and a variety of mounting 
methods are offered. For World Class quality and service 
call 201-890-7455 or visit our Web Site at: 
http://WWW.OMEGASH 1ELDING.COM; E-mail: 
SALES@OMEGASHIELDING.COM. 

Omega Shielding Products Inc. 

For More Information Write In No. 333 



APP PRESSURE 
GAUGE CALIBRA- 
TION SERVICES 

APP offers a complete line of pres- 
sure- and flow-related testing and cal- 
ibration services including Pressure 
gauge calibration. Flow meter calibra- 
tion, Isostatic pressure testing, Leak testing. Bum testing. 
Compression testing, Fatigue testing, and Cyclic pressure 
testing. Specialized test conditions can be accommodated 
using APP’s complete line of test and calibration instru- 
mentation (available for rent, lease, or sale). Advanced 
Pressure Products, 83 Brown Rd., Ithaca, NY 14850; Tel: 
607-257-5544 or 800-APP-VALV; Fax: 607-257-5639; E- 
mail: infb@pmiapp.com; URL http://www.pmiapp.com. 

Advanced Pressure Products 

For More Information Write In No. 334 



RECOMMENDED 
READING FOR 
EMBEDDED 
SYSTEMS 
DEVELOPERS 

Applied Microsystems has some 
choice reading that can help 
embedded systems software and hardware engineers work 
smarter and faster. Our free Developer’s Notes Packet 
includes: ‘Design for Test and Debug," “Software Testing 
Tactics for Embedded Applications," "Designing with the 
68040," and ‘Basics of Embedded Debugging." So look 
for a comfortable corner and call for your free reading 
materials today: 1-800-426-3925. 

Applied Microsystems 
Corporation 

For More Information Write In No. 335 



WAVE/COMPRES- 
SION SPRING 
CATALOG 

Just updated. Catalog #WS-93A 
contains hundreds of NEW stock 
sizes of wave/compression springs, 
including spring design formulas, 
materials guide and typical applica- 
tions. This 40-page engi neerrng/ parts manual describes the 
many advantages of Smalley's exclusive edgewinding manu- 
facturing process. Available from 3/8" to 84" in diameter, 
Smalley springs arc produced by circle-coiling flat wire to 
exact specifications involving no dies or special tooling 
charges. Smalley Steel Ring Co., 385 Gilman Ave., Wheeling, 
IL 60090; Td: 847-537-7600; Fax: 847-537-7698. 

Smalley Steel Ring Co. 

For More Information Write In No. 336 

NEW ROGAN 
KNOB 
CATALOG 

The complete lineup of 
Rogan clamping and con- 
trol knobs and dials is fea- 
tured in this comprehen- 
sive, 46-page, illustrated 
catalog. Included is 
Ragan's expanded selection 
of soft-to-thc-touch Pure 
Touch™ knobs. To obtain a free copy, contact Rogan 
Corporation; Tel: 800-423-1543. 

Rogan Corporation 

For More Information Write In No. 339 

NEW! '96 
WASHER 
CATALOG 

Boker's free, 36-page Catalog 
96 offers more than 12,000 
non-standard sizes with no tool 
charge. Outside diameters of 
0.080" to 2.631", a variety* of 
inside diameters and thickness- 
es, and 2,000 material varia- 
tions create millions of possibilities. Materials include low car- 
bon, cold rolled strip and sheet strri; five types of spring sted; 
stainless steel; aluminum; brass; copper; nickel silver, and such 
non-mctallic materials as Ddrin®, Mylar®, and nylon. Metric 
sizes also. Boker's Inc., 3104 Snelling Ave.. Minneapolis, MN 
55406-1937; Tel 800-927-4377; Fbx: 612-729-8910. 

Boker's Inc. 

For More Information Write In No. 342 



PMI POROSITY 
TESTING SERVICES 

PMI offers a full range of sample test- 
ing services including: • Pore analysis 
using mercury intrusion, non-mercury 
intrusion, gas adsorption or capillary 
flow • Gas, liquid, and diffusion per- 
meability * Bulk and absolute density * Surface area; 
Bubble point - largest pore size • Adsorption/desorption 
isotherms, physisorption or chemisorption * Specialized 
test conditions can be accommodated using PMI's com- 
plete line of test and calibration instrumentation (available 
for rent, lease, or sale). ft>rous Materials, Inc, 83 Brown Rd., 
Ithaca. NY 14850; Tel: 607-257-5544 or 800-TALK-PM1; 
Fax: 607-257-5639; E-mail: info@pmiapp.com; URL: 
http://www.pmiapp.com. 

Porous Materials, Inc. 

For More Information Write In No. 337 



MOTORIZED 
VALVES 

APP's Motorized Valves 
I are compact and electri- 
cally operated with 
torque adjustments and position feedback. These valves 
are available in many configurations such as on/off and 
metering, with pressure ranges from vacuum to 60,000 
PSI. Many different models of APP controllers are also 
available to operate the motorized valves, including the 
Remote Valve Controller, the Position Valve Controller, 
and the Dual Servo Valve Controller. .Advanced Pressure 
Products, 83 Brown Rd., Ithaca, NY 14850; Tel: 607- 
257-5544 or 800-APP-VALV; Fax: 607-257-5639; E- 
mail: infb@pmiapp.com; URL: http://www.pmiapp.com. 

Advanced Pressure Products 

For More Information Write In No. 338 



'ErI 


ADAPTIVE 
RESEARCH 
ANNOUNCES 
TURNKEY 
CFD — 

SI 6,995 

Perform flow simulation analyses right out of the box 
with this specially bundled system featuring CFD2000®, 
Microsoft Office Professional, and Fortran Powcrstation 
software; Pentium Pro 200 processor; 128 MB RAM; 4 
MB VRAM; and 17-inch monitor. Contact Adaptive 
Research; Teh 205-830-2620. 

Adaptive Research 

For More Information Write In No. 340 


■ DIFFUSION PERME- 
ABILITY TESTING 

PMI’s Diffusion Permeameter can 
test samples with permeability' as low 
as 10- 10 darcys. Using water vapor, 
oxygen, or any other non-corrosive 
gas to test the sample permeability, 
the permeameter can test the sample 
under varying temperature conditions. Windows-based 
software provides automated control of the system. 
Custom sample chambers are available to accommodate a 
variety of sample sizes and shapes. Porous Materials, Inc., 
83 Brown Rd., Ithaca, NY 14850; Tel: 607-257-5544 or 
800-TALK- PMI ; Fax: 607-257-5639; E-mail: info@pmi- 
app.com; URL http://www.pmiapp.com. 

Porous Materials, Inc. 

For More Information Write In No. 34 1 




BORESCOPES, 
FIBERSCOPES 

A complete line of Bore- 
scopes, Fiberscopes, and 
accessories for any airframe 
or powerplant inspection 
task, whether turbine or 
recip. Sharp, clear images 
that were never before avail- 
able. Custom Work a spe- 
cialty. Instrument Techno- 
logy. Inc; Td* 413-582-3606; Fax: 413-568-9809; E-maiL 
iri@scopes.com; http-7/wwwjcopes.com. 

Instrument Technology, Inc. 

For More Information Write In No. 343 



MULTICHANNEL 
DATA ACQUISITION 
SYSTEM 

Scanner PI us® includes local display, 
local control capabilities, advanced math computations, 
and data communications capabilities. Optional propri- 
etary software packages from Azonix include SCAN CAL 
which allows users to calibrate a Scanner PI us and sensors 
together as a system; and EZSCAN, an easy-to-use software 
package for configuring a Scanner PI us with a PC. Typical 
applications include utilities, pharmaceutical, in-vchide 
testing, and any application that can benefit from compre- 
hensive I/O interface and on-board comparative and con- 
trol capabilities. Azonix Corporation. 900 Middlesex 
Turnpike, Bldg. 6, Billerica, MA 01821; 800-365-1663 or 
508-670-6300; Fax: 5084570-8855. 

Azonix Corporation 

For More Information Write In No. 344 
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RUGGED CONTROL 
SOLUTION 

pDCS Plus® is a rugged, high-performance 
distributed control system that provides a 
cost-effective, folly integrated solution for 
laboratories, pilot plants, and small to mid-size manufactur- 
ing plants. The system is completely configured with 
Intellution’s FIX DMACS (version 5.0), providing a one- 
step programming solution that saves time and money. The 
pDCS Plus can be connected directly to plant-wide informa- 
tion systems through Ethernet, and directly interfaces to all 
process I/O. Typical installations include pilot plants, labora- 
tory automation, product test, and diverse manufacturing 
and process control applications. Azonix Corporation, 900 
Middlesex Turnpike, Bldg. 6, Billerica, MA 01821 ; 800-365- 
1663 or 508-670-6300; Fax: 508-670-8855. 

Azonix Corporation 

For More Information Write In No. 345 



NEW LINEAR 
ACTUATORS 

BS&A introduces a new 
line of Super Mover elec- 
tro-mechanical linear actu- 
ators. Super Movers are 
stock items with load 
capacities from 25 to 1,000 
pounds and standard 
strokes from 2 to 24 inch- 
es. Super Movers come 
with cither AC or DC motors and are completely sealed 
and weather resistant. Clean, controllable replacement 
for air and hydraulic cylinders. Contact Greg Traeger, 
Sales Manager; Tel: 800-882-8857. 

Ball Screws & Actuators Co., Inc. 

For More Information Write In No. 348 




VACUUM 
PUMP 
VIBRATION 
ISOLATORS 

The NEC vibration 
isolators effectively remove turbo-molecular and cryo- 
pump vibrations. Two models are available in elastomer 
and air-isolated versions. They are UHV compatible, 
have short insertion lengths, and high conductance. A 
wide variety of flanges are available. National 
Electrostatics Corp., 7540 Graber Rd., Box 620310, 
Middleton, WI 53562-0310; Tel: 608-831-7600; Fax: 
608-256-4103. 

National Electrostatics Corp. 

For More Information Write In No. 351 



ALGOR 
PROVIDES "4- 
WAY" INFO ON 
THE WORLD 
WIDE WEB 

Algor's Internet place has detailed information on four 
product lines. Discover Houdini, Algor's automatic CAD 
solid model to 8-node "brick" mesh converter. Learn about 
Algor FEA, including case histories. Preview engineering 
videos, books and multimedia. See all new integrated pip- 
ing/vessel/plant design software. If you do not have Internet 
access, call for free info. Algor, Inc.; E-mail: 
info@algor.com; URL: http://www.algor.com; Tel: 412- 
967-2700; Fax: 412-967-2781. 

Algor, Inc. 

For More Information Write In No. 354 


BORESCOPIC 
‘ VIDEO SYSTEM 
■ MCV-8000 SERIES 

The MCV-8000 borescopic 
video system couples any 
Machida borcscope to a minia- 
ture high-quality color camera to 
create the clearest images for 
review on a monitor screen. Designed to be portable, the 
MCV-8000 is a quick set-up unit that is fully protected 
in a rugged shock-mounted, shippable carrying case. The 
half-inch VHS record/playback unit with microphone 
allows inspections to be easily recorded with narration. 
Machida's MCV-8000 borescopc video system is the pro- 
fessional choice for high-resolution video inspections. 
Machida, Inc.; Tel: 800-431-5420. 

Machida, Incorporated 

For More Information Write In No. 346 




NEW! PRECISION 
MECHANICAL COM- 
PONENTS GUIDE 

FREE! 1996 Nordex Design Guide 
#103 with more than 500 pages of 
instrument-grade mechanical com- 
ponents. NEW ITEMS: Standard & 
Low Drag Acme Lead Screws • Hi- 
Torque 2, 3, & 5 mm Belts and Pulleys • 3 and 6 Beam 
Flexible Couplings • Thermo-plastic Linear Bearings • 
Constant Velocity Couplings - Flexible Chain & 
Sprockets • Hi-Precision Ball Slides & Crossed Roller 
Slides • PrcssBcarings and much more! Nordex Inc., 50 
Newtown Rd., Danbury, CT 06810; Tel: 800-243-0986 
or 203-792-9050; Fax: 203-790-8992; E-mail: 
info@nordex-inc.com. 

Nordex Inc. 

For More Information Write In No. 349 


4S&31S> 


ADVANCED COM- 
POSITE TRAINING 

Abaris Training offers 14 different 
“hands-on” workshops in advanced 
composite materials technology. 
These workshops cover fabrication, 
repair, manufacturing, tooling, 
print reading, adhesive bonding, 
ultrasonic inspection of composites, resin transfer molding, 
and several engineering workshops. Emphasis is placed on 
glass, carbon, and aramid fiber materials and processes, uti- 
lizing vacuum bagging, and oven and autoclave curing. 
Three workshops are Canadian D.O.T. approved. For a free 
brochure, call toll-free: 1-800-638-8441; Fax: 702-827- 
6599; http://www.abaris.com. Abaris Training Resources, 
Inc, 5401 Longlcy Lane, Suite 49, Reno, NV 89511. 

Abaris Training Resources, Inc. 

For More Information Write In No. 352 



NEW INTERACTIVE 
CD-ROM BASED 
ON ENGINEERING 
"BEST-SELLER” 

A comprehensive FEA CD-ROM/textbook that blends 
theory & real-world engineering examples. Dr. 
Constantine Spyrakos, well-known finite element stress 
and vibration analysis expert, has created a reference for 
all engineers from designers to “gurus." CD-ROM 
includes search capabilities, Internet-type browser & 3D, 
foil-color graphics. Hard- and soft-cover books include 
every example problem on disk. APD; Tel: 800-482- 
5467; URL: http://www.algor.com/apd; E-mail: 
apd@algor.com. 

APD 

For More Information Write In No. 355 


1997 ELECTRONIC 
HARDWARE CATALOG 

Our world has changed! From Globe 
Electronic Hardware comes this Free 240- 
page updated Catalog for 1997. This catalog 
provides complete engineering dimensions 
and specifications for our extensive line of precision electronic 
hardware. Products indude: standoffs, spacers, captive pand 
screws, pand screw retainers, handles, ferules, thumb screws, 
shoulder screws, washers, and shoulder washers, as well as other 
quality components in both American and Metric standards. 
Materials indude: aluminum, brass, sttd, stainless sted, nylon, 
phenolic, and Teflon. Globe Electronic Hardware, Inc, RO. 
Box 770727, Woodskfe NY 1 1377; Tel: 800-221-1505 or in 
New York State 718-4574)303; Fax: 718-457-7493. 

Globe Electronic Hardware, Inc. 

For More Information Write In No. 347 




^Encyclopedia of 

Spaces 



CD-ROM ENCYC- 
LOPEDIA OF 
SPACE & THE 
UNIVERSE 


Great for kids and adults, this 
top-quality CD-ROM is the 
ultimate interactive guide for 
exploring the universe. Spend a 
day aboard the Mir space sta- 
tion, travel to the moon’s dark side, take a 3D tour of 
Venus, observe the stars from inside a mini planetarium. 
Features dozens of videos, animations, and audio clips, 
and hundreds of color photos and artides. Comes with 
160-page “Space Facts" book. Requirements: 486DX, 
8MB RAM, Windows 3x/95, 8-bit sound card, double- 
speed CD-ROM drive. $54.95 

For More Information Write In No. 350 



PLASTIC FASTENERS 
AND COMPONENTS 

Craftech® Industries manufactures 
standard and custom high-performance 
plastic fasteners, components, hinges, 
pipe hangers, handles, structural hard- 
ware, tools, and shapes. In-house screw machining, CNC 
machining, injection molding, and moldmaking. 
Industries served: electronics, aerospace, computer, com- 
munications, chemical, semi-conductor processing equip- 
ment, and commercial markets. Over 85 materials 
including PVDF, Ultem®, PEEK®, Torlon®, Aurum®, 
ISOPLAST®, and Compounded Materials. Free set of 
catalogs. Craftech Industries, Inc., Hudson, NY; Tel: 
800-833-5130; E-mail: craftech@taconic.net 

Craftech Industries, Inc. 

For More Information Write In No. 353 



NEW KIND OF 

MULTIMEDIA 

VIDEO 

TEACHES FEA 
LESSONS 


Finite Element Analysis in Action! is a new kind of instruc- 
tional video for engineers. Available on VHS tape or inter- 
active, multimedia CD-ROM, the video packs a lot of 
information into a short running time of only 26 minutes. 
Live lab experiments and FEA analysis are conducted to 
show how to better use any FEA software. Demonstrates 
specific modeling and analysis techniques. Tel: 1-800- 
482-5467; URL: http://www.algor.com/apd.htm; 
E-mail; apd@aigor.com. 

APD 

For More Information Write In No. 356 
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Ashlar-Vellum 3D 

Intelligent Design Assistance 


tangent 



.center point 


Vellum 3D is a professional design and 
drafting tool for Microsoft Windows 
and Apple Macintosh (including Power 
Macintosh). The powerful graphical 
interfaces of these platforms provide 
consistency and intuitiveness to the 
computing experience of most users. 

Beyond Intuitive, Vellum Seems to Read Your Mind 

Vellum takes full advantage of the 
graphical interface, but goes beyond pull- 
down menus and floating tool palettes by 
providing dynamic assistance to the 
design process. This patented technology, 
the Drafting Assistant, - gives designers and 
drafters a unique advantage, enhancing 
productivity and creativity. The key to the 
Drafting Assistant is its ability to detect 
and display relationships between shapes 
based on the proximity of the cursor and 
the functionality of the selected tool. 

And, Vellum Keeps Track of the Details 

Designers quickly become accustomed to 
Vellums mind reading ability; no longer 
constrained by the interface, they are free 
to sketch and explore. And, Vellum’s 
integrated parametrics and associative 
dimensioning make the transition from 
sketch to finished design simple and 
intuitive. Call now to receive a FREE 
demo diskette of Vellum 3D: 


angent 


* 

ASHLAR 

Ashlar Incorporated 
1 290 Oakmead Parkway 
Sunn) vale. CA 94086 
408-746-1800 


800 - 877-2745 


•1994 KMst Incorporated. AU n*htt cnervcd AthUi end VcUora err rtfirtered tr 
the Aihlv iofo m e ti ‘ ‘ * ‘ 


For More Information Write In No. 672 



MACHINERY FAULT SIMULATOR 


TM 



Reciprocating, Rotating and Gearbox Mechanisms 

Train maintenance personnel in PdM without impacting produc- 
tion. Develop practical techniques for reciprocating mechanisms. 
Study phase analysis, low speed techniques, uses of proximity 
probes for shaft orbits, coast down and start ups. 

Portable educational tool works on a benchtop. 

Variable speed drive. Easily introduce controlled faults: misalign- 
ments, unbalance, eccentricity, bad bearings, etc. Optimize sensor 
locations, mountings and signal analysis techniques, resonance, 
vibration control methods. 


Spectra Quaff Inc. 
P.O. Box 5423 
Glen Allen VA 23060 


phone: 804-270-9411 
fax: 804-270-9419 
info@spectraquest.com 


For More Information Write In No. 444 


Testing Equipment 

Quality Equipment for Your 
Testing Needs 


Nondestructive Test Equip- 
ment (pictured: test block) 



I Ovens to 800°F (425°C) 
(pictured: Series 3710) 

► 



Furnaces to 
3100°F (1700°C) 
(pictured: Series 3210) 


Standard and Custom Equipment 
Other Test Equipment: 

Universal Testing Machines, Creep Testing 
Systems, Extensometers, and Accessories 

PPPLIED TE6T 
6Y6TEM6.INC. 

Phone: 412/283-1212, Fax: 412/283-6570 
Online: http://www.atspa.com 




New on Disk 


Product of the Month 

Matra Datavision, Andover, MA, has intro- 
duced Euclid Quantum CAD/CAM/CAE 
and PDM software suite based on an 
object-oriented architecture. The suite 
includes Euclid Designer 3D modeling 
software for designers in concurrent engi- 
neering environments; Euclid Analyst, a 
what-if analysis environment for in-depth 
simulation and model preparation; Euclid 
Machinist, for creating the best machin- 
ing tool path for a part model; and Euclid Design Manager, which integrates and 
processes engineering data at all stages of the process cycle. The four environ- 
ments are linked through Euclid Desktop, which accesses external applications 
and provides for data exchange. Package pricing begins at $9,900. 

For More Information Write In No. 703 




DADiSP/WAV digital audio analysis, 
display, and processing software 

from DSP Development Corp., 
Cambridge, MA, is an add-on module 
to DADiSP data analysis software. 
Digital audio data from WAV format 
files can be read, written, and edited 
via one-line functions. The program 
allows users to call any Windows- 
compatible WAV player device and 
play WAV data on any WAV-compati- 
ble sound card. It is priced at $495. 

For More Information Write In No. 705 


Universal Technical Systems, Rock- 
ford, IL, offers TK Solver Release 3 
mathematical modeling software, 
which handles data relationships in 
equations, units, tables, and graphs. 
It provides results in spreadsheet, 
database, and CAD drawing appli- 
cations. The Windows program inte- 
grates with intranets and the 
Internet. 

For More Information Write In No. 701 



Version 1 1 .0 of Camand® CAM soft- 
ware from Structural Dynamics 
Research Corp., Milford, OH, in- 
cludes enhanced multiple surface fil- 
let construction., and an improved 
online documentation viewer. The 
program enables complex- surface 
modeling and 3- through 5-axis 
machining in mold and die work, as 
well as piece-part manufacturing. 

For More Information Write In No. 702 


B.A. Intelligence Networks, South- 
field, Ml, has announced BaanPDM 
engineering and manufacturing 
software, which provides an inte- 
grated suite of document manage- 
ment, versioning, and change con- 
trol, as well as product structure and 
work flow management. It operates 
on Windows and Windows-NT, and 
on Sun, Hewlett-Packard, IBM RS- 
6000, and Digital Equipment UNIX 
workstations. 

For More Information Write In No. 706 


HEM Data Corp., Southfield, Ml, has 
announced version 3.1 of Snap- 
Master data acquisition and analy- 
sis software for Windows 95, 3.1, 
and Windows for Workgroups. 
Enhancements include a new sensor 
database, 12 logic functions, 18 filter 
functions, and standard arithmetic, 
trigonometric, calculus, and statistical 
functions. It is available in various 
standalone modules; pricing starts at 
$495. 

For More Information Write In No. 704 


Experimental Data Analyst data 
analysis software from Wolfram 
Research, Champaign, IL, enables 
data-fitting, visualization, and error 
propagation. It allows users to obtain 
estimated errors in the fit parameters 
and examine graphical information 
about the fit. ASCII and binary data 
can be imported and exported. It 
runs on Windows, Macintosh, and 
many workstation platforms and costs 
$495. 

For More Information Write In No. 700 


CNC Software, Tolland, CT, has intro- 
duced Windows-compatible Master- 
cam Version 6 CAD/CAM software 
for two- through five-axis milling, 
turning, two- and four-axis wire EDM, 
3D design, drafting, and surface 
modeling. Built-in bidirectional trans- 
lators include IGES, VDA, DXF, and 
ASCII. New features such as multi- 
surface manipulation tools, multiple- 
surface radial cutting machining, and 
rotating, panning, and zooming of 
shaded images are included. 

For More Information Write In No. 707 
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12 BIT, 100 WISPS A/D CARD 



♦ 2 Channel, 50 MSPS, 

12 Bit A/D Card 

♦ 60 dB SFDR 

♦ Drivers for DOS, QNX, Win 3.11, 
Win ‘95 and Win NT 

♦ Support for HP VEE, LabVIEW, 
LabWindows CVI,... 



CALL 1 -800-567-GAGE 


Also Available: 

♦ 250 MSPS, 2 GS/s, 8 Bit A/D Card 

♦ Many Other Models 



GciGc 

GAGE APPLIED SCIENCES (U.S) INC. 

1233 Shelburne Road, Suite 400 

South Burlington, VT 05403 

Tel : (800) 567-4243. Fax : (800) 780-8411 

CompuServ : 73042,346 

e-mail: prodinfo@gage-applied.com 

Web Site: http://www.gage-applied.com 


Ask for extension 3406 

From outside the United States, contact Gage Applied Sciences Inc.. 5610 Bois Franc. Montreal QC. Canada H4S 1A9 Tel: (514) 337-6893 Fax: (514) 337-8411 BBS (514) 337-4317 

For More Information Write In No. 698 








Perfect covers, 
m housings, and 

i enclosures for 

power supplies. 

PC boards, 
transformers, etc. 


pw U Call for a catalog of our 

over 100,(KK) pre-tooled sizes! 

• Nutplates /covers available 

• Secondary operations done in-house. 

Aluminum Facts 

High Fracture Toughness; Non-Magnetic; Corrosion Resistant 
Provides EMI Shielding and Withstands Temperature Extremes 


Shipping! 



Call 1-800-545-1034 for a detailed catalog ! 

ZERO Enclosures 

A ZERO Corporation Company 
500 West 200 North • North Salt Lake. UT 84054 • (801 ) 298-5900 • Fax (801 ) 292-9450 


Internet address: http://www.zerocorp.com 


Call Me, I'm Interested. Write In No. 446 
Send Literature. Write In No. 447 


SERIES 99 GEN-LOCK™ 


New From General Valve 



available in Two Way and Three 
Way and in Manifold 
Configurations. Sealing gaskets are 
available in a variety of Materials 
including Copper, PEEK, TEFLON* 
and KEL-F*. It is available with a 
variety of Fitting styles including 
A-Lok Compression Fittings and 
VacuSeal* Fittings. 



General Valve 


The New Series 99 Gen-Lock™ 
Electric Solenoid Valve Combines the 
High Temperature, High Flow and 
High Reliability of our Series 9 Valve 
with a revolutionary gasket seal* 
designed to achieve extremely low 
helium leak rates (<1x1C , ° or better). 
The Series 99 gasket design requires 
NO O-rings and is ideal for Ultra-High 
Vacuum Applications. The Series 99 is 



19 GLORIA LANE, PO BOX 1333 
FAIRFIELD, NEW JERSEY 07004 
E-mail: GVC@GENVALV.COM 
*201-575-4844 FAX: 201-575-401 1 


For More Information Write In No. 448 
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Ross Engineering Corp., Campbell, 
CA, offers a four-page brochure of 
high-voltage devices. Included are 
HV relays, switches, and controls; 
energy storage drivers; HV acces- 
sories; and corona-reducing spheres 
and toroids. 

For More Information Write In No. 713 


A 12-page brochure of Ce-marked 
single-axis stepper and servo sys- 
tems is available from Parker Hannifin 
Corp., Compumotor Division, Rohnert 
Park, CA. The PD-E ministep drive 
and BD-E brushless servosystem 
provide self-contained motion control. 

For More Information Write In No. 712 


Advance Power, Solon, OH, has 
released a 240-page catalog of 
power supplies and related compo- 
nents. Included are AC/DC, DC/DC, 
and DC/AC converters, rectifiers, low- 
voltage disconnects, and inverters. 

For More Information Write In No. 710 


Ceramco, Center Conway, NH, offers 
a four-page brochure on custom 
ceramic components produced by 
low-pressure injection molding. 
Tooling, machining, quality control, 
and other capabilities are included. 

For More Information Write In No. 717 


Intelligence Instrumentation, Tucson, 
AZ, has released a 32-page catalog 
of data access hardware and soft- 
ware for data acquisition, test and 
measurement, process monitoring 
and control, data collection, and 
operator interface applications. 

For More Information Write In No. 714 


The 124-page Technical Reference 
Guide 8, featuring plastic tubing and 
hose products, fittings, acces- 
sories, and services, is available from 
New Age Industries, Plastics Technol- 
ogy Group, Willow Grove, PA. 
Available materials include PVC, 
polyurethane, nylon, Teflon®, Viton®, 
latex, and silicone. 

For More Information Write In No. 711 


A six-page catalog of ServoClass™ 
couplings is available from Zero-Max, 
Minneapolis, MN. Features include 
zero backlash, high torsional stiffness, 
low inertia, and integral keyless clamp 
style mounting. 

For More Information Write In No. 715 


A 20-page catalog from Oregon Micro 
Systems, Beaverton, OR, describes 
precision motion controls. Applica- 
tion programming, software support, 
and condensed controller, accessory, 
and driver specifications are included. 

For More Information Write In No. 716 
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Descartes dreamed about 

the unity of motion systems. 

Kollmoreen made his 
dreams come true. 

By applying mathematical analysis to the study of moving bodies, 
Descartes was laying the foundation for the science of motion control. 

Kollmorgen provides a universe of motion control solutions. 

With Kollmorgen Motion Technologies Group you get the global 
experience and unmatched engineering support of the best names 
in the business. Companies who are universally recognized for 
developing much of the technology that has become the foundation 
for today’s precision electronic motion control revolution. From 
standard product to modified off-the-shelf to unique custom solutions 
for industrial and commercial applications or military and aerospace 
programs. 

A world leader in motion control technologies for over 80 years. 
Artus for AC motors, actuators, and power systems. Industrial Drives 
for brushless and DC servomotors. Inland Motor for ffameless torquers 
and feedback devices. PMI for low profile ServoDiscs and direct drive 
linear systems. SMG for tin can and hybrid step motors, controls, and 
motion control chips. 

A unity of high performance products, applications experience, and 
engineering expertise to assure superior motion system performance. 
All with just one call. 

Kollmorgen. The Name To Know in Motion Control. 


KOLLMORGEN 


Motion Technologies Group 

Call 1-800-77-SERVO. 

E-mail: info@kollmorgen.com • Internet: http://www.kollmorgen.com 

For More Information Write In No. 670 






Switch to LUMITEX*... 
the long-life, low-power 
backlighting solution. 


LUMITEX Fiber-Optic Panels provide unmatched 
design flexibility for switch applications 

• Up to 100,000 hours service life 

• One LED can provide high, uniform brightness for one 
or more switches 



Passenger Control 
Unit are lit 
from one LED. 


Die cut capability - 

lets you adapt LUMITEX Panels 
to meet specific design requirements 


• Superior tactile response ensures positive 
actuation feedback 

• Costs less than EL and other lighting 


For more information 
or technical assistance, 
contact LUMITEX 
(phone: 1*800-969-5483; 
fax: 216-243-8402) or 
your local 

LUMITEX representative. 

I ©1995 LUMITEX. Inc., jl ngffls reserved 


LumiteX* Inc. 


Creators of Wown Light 

8443 Dow Circle 
Strongsville, OH 4413b 


For More Information Write In No. 449 
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Fast 2D magnetostatics simulation at a budget 
price from Infolytica. New Gemini for 
Windows™ incorporates neural network-based 
solutions, LDCG solvers, the Open Boundary 
Technique, and "tunable Maxwell stress" 
calculations. Call 1-800-492-6464 for full 
details and our promotional price. 

INFOLYTICA: tTie E'M spECiAlisis 



Save pnoioiyplNq time an<1 costs 
wlTh hlolyTlCAs GemM ANd MaqNet 
2D A\d 5D pnoducTs on PCs & 
UNIX pUrfoRMS. 




I 


USA/Inti - Wblyllca Corporation 
tel: (514) 849-8752 foe (514) 849-4239 
EUROPE - Infolyfica Limited 


tel: 44 123-583-3288 foe 44 123-583-3141 

JAPAN - ADTECH Corporation 

let (03) 5276-5291 foe (03) 5276-5293 



New on the Market 




Sigma Interactive Solutions Corp., 
Fremont, CA, has announced a fami- 
ly of high-capacity fault tolerant disk 
array RAID subsystems for high- 
speed computer network servers, 
mission-critical computer data stor- 
age applications, and digital image 
processing systems. Based on the 
standard Fast SCSI-2 interface, they 
offer capacities ranging from 4 GB to 
10 GB. and can operate at data 
transfer rates as high as 10MB per 
second. Using 3.5" disk drives, they 
can be installed in any PC or tower 
system with a 5.25" drive bay. 

For More Information Write In No. 729 


Tesa Measurement Systems, Novi, 
Ml, has introduced the CM -9000 
non-contact gaging system, which 
measures any shape or size of mate- 
rials such as plastics, rubbers, metals, 
ceramics, or composites. The multi- 
axis measuring system features 2D, 
3D, and rotary axis measurement, 
laser height measurement, image pro- 
cessing, automatic edge detection, 
and conventional and scanning touch 
probes. 

For More Information Write In No. 733 



Southco, Concordville, PA, offers the 
Positioning-Advantage hinge, which 
holds a door or panel open at two 
detent angles - 1 20° and 1 70° - with- 
out the use of secondary mechanical 
supports such as door stays or gas 
springs. It features a -10° detent angle 
and snap-on covers in a textured, 
matte black finish. The hinge is used 
where doors must remain in an open 
position or where hands-free access 
is required. 

For More Information Write In No. 731 


Fluorotherm Polymers, East Hanover, 
NJ, offers standard-stock extruded 
rods in a variety of fluoropoiymers, 
including Kynar® PVDF, Teflon® PFA, 
FEP. Halar® ECTFE, Kel-F PCTFE, 
and Tefzel ETFE. Standard sizes 
range from 1/16" to 1-3/4". Sizes up 
to 2-1/2* also are available. 

For More Information Write In No. 723 



The TDS 51 0A digitizing storage 
oscilloscope from Tektronix, Beaver- 
ton, OR, provides four input channels, 
500 MS/s maximum sample rate, and 
50K record length. It features a 
TekProbe™ interface, direct on- 
screen reading of current and power 
in engineering units, a standard inte- 
gral floppy disk drive, and trigger 
modes such as logic, pulse, and 
video. A full-bandwidth probe for 
every input channel is standard. 

For More Information Write In No. 732 



The VR Surfer from VRex. Hawthorne, 
NY, is a wireless stereo 3D system 
that works with computers and tele- 
visions. The technology enables the 
left and right eyes to see two separate 
views of the same object at the same 
time, creating the illusion of depth. 
The VR Surfer General Pack consists 
of lightweight 3D eyewear, an infrared 
transmitter, 3D videotape, and CD- 
ROM DOS- and Windows-based 
application software that enables 
users to adapt charts, graphs, and 
images created in Excel, Word, 
PowerPoint, and Autodesk 3D Studio. 

For More Information Write In No. 734 


The RPW-4101 rugged portable 
workstation from Datametrics Tech- 
nology Systems Corp., Woodland 
Hills, CA, is housed in a modular 
chassis and features a drop-down, 
full-size keyboard and a 10.4" or 
12.1" active matrix color display 
screen. AC/DC/battery power op- 
tions, floppy drive, removable hard 
drive, CD-ROM, and PCMCIA slots 
are included. The unit uses an Intel 
Pentium or 486 processor CPU. 

For More Information Write In No. 721 


The SP8538 micropower sampling 
1 2-bit analog/digital converter from 
Sipex Corp., Billerica, MA, features 
tow power consumption, single-sup- 
ply operation, and 3- or 4- wire syn- 
chronous serial interface. Program- 
mable input configuration allows the 
analog information to be converted 
into one channel full differential or 2 
channel single-ended. It is suitable for 
battery operated systems, portable 
data acquisition instrumentation, and 
remote sensing applications. 

For More Information Write In No. 730 
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New on the Market 



Amain Electronics. West HiRs, CA, 
has introduced an all-digital focal 
plane readout sensor device based 
on Multiplexed Oversample Analog to 
Digital converter (MOSAD) technolo- 
gy. Designed to support HgCdTe and 
InSb detector arrays on 40 micron or 
larger centers, it produces a digital 
output at each pixel. The existing array 
size of 64 x 64 can be expanded. 

For More Information Write In No. 720 



The PI 95 pressure transducer from 
Kavlico. Moorpark. CA. utilizes 
patented ceramic capacitive sensing 
technology for use in hydraulic control 
systems, test equipment, and indus- 
trial pressure measurement applica- 
tions. It is available in pressure ranges 
from 0-1500 to 0-3000 psia/psig and 
provides an amplified voltage output 
while operating on 5 VDC. 

For More Information Write In No. 726 



Hewlett-Packard. Palo Alto. CA. has 
introduced the HP 5461 6C color 
dual-channel oscilloscope, which 
features 2-Gsample/s sample rate, 
500MHz bandwidth, 1-ns peak 
detect, and 5K memory depth. Three- 
processor architecture allows storage 
and recall for up to 16 scope setups. 
An optional HP BenchLink/scope 
Windows-based software package 
allows images and data to be trans- 
ferred to a PC. 


For More Information Write In No. 724 



Imagenation Corp., Beaverton. OR. 
has announced the PX1 04-Plus 
frame grabber for machine vision 
applications. It provides continuous, 
triggered, or software- initiated frame 
capture with PCI-bus compatibility 
and captures up to 131 Mb per sec- 
ond to system RAM or VGA display. 
Software supports 16-bit DOS and 
Windows 3.1 . 32-bit Windows 95 and 
Windows NT, and is compatible with 
Visual Basic and C/C++ compilers 
from Borland and Microsoft. 

For More Information Write In No. 725 


Logic Beach, La Mesa, CA, offers the 
HyperLogger™ portable data log- 
gers, which use Microsoft Windows- 
based software for system configura- 
tion, data analysis, and graphic data 
display. The standalone, battery-pow- 
ered system features multi-channel 
and multi-axis graphs, and features 24 
channels of analog and/or digital data 
stored on board for display on a PC. 

For More Information Write In No. 727 



Phys-Chem Scientific Corp., New 
York, NY, has introduced the EMD- 
2 OCX) interchangeable relative hu- 
midity transducer, which measures 
0.3" x 0.5" x 0.03", and is composed 
of an interdigitated gold terminal on 
an alumina substrate overcoated with 
a thermosetting hydrophilic polymer. It 
is suitable for use in 0-100% RH envi- 
ronments at temperatures from -40 *C 
to 100 X). 


For More Information Write In No. 728 



The EPE/EPX Series of low- and high- 
range pressure sensors from Entran 
Devices, Fairfield. NJ. provides static 
and dynamic measurements in a 
range of environments. High-pressure 
units are available in a rugged stain- 
less steel housing and diaphragm. 
Operating temperatures range from 
-40 *C to 220 *C. 

For More Information Write In No. 722 


BUILT BY BERG 

IN THE USA 



BERG 


W. M. BERG, INC. 

PRECISION MECHANICAL COMPONENTS 


PRECISION 

COUPLINGS 

THAT 

STAND OUT 
IN A CROWD 


BEST QUALITY 
BEST DELIVERY 
BEST SERVICE 
BEST PRICE 


For free catalog call: 
Technical Sales Group 

TEL: 516-599-5010 
FAX: 516-599-3274 


499 Ocean Avenue 
East Rockaway, NY 11518 


For More Information Write In No. 471 


SEAL MASTER 

INFLATABLE SEALS 


Providing sealing solutions 
before others identify 
the problems! 


INFLATED -► 


Deflated 


Since 1953, our people have 
been helping solve difficult 
sealing problems. We offer 
innovative custom-built seals 
in a wide range of sizes and 
configurations. They can be used anywhere a positive 
seal is needed. Call or write for design assistance. 
Illustrated literature available. 



368 MARTINEL DRIVE • KENT, OH 44240-4368 USA 
(330) 673-8410 • FAX (330) 673-8242 
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Marketplace To Advertise — Call (212) 490-3999 


Visualize matrix and 
image data in seconds... 



with T ransform! 


Request a FREE catalogl 

www.fortner.com 

800 - 252-6479 

Jfc FORTNER 

RESEARCH LUC 

100 Carpenter Drive, Sterling, VA 20164 
fax (703) 689-9593 • info@fortner.com 



SoftwareWedge 


Automatically inputs any serial data 
directly into any PC application. 


Communicate 

With: 

Industrial & Lab. 
' Instruments „ 
Gages ... 
Balances ... 
PLCs ... etc. ... 
Any Serial 
Device! 


1" ■^trragB^gM 


2 ^ 

m 

L 

X f 


• Real-Time Serial Data into Any Application - Excel, 
VB. Quattro, Lotus, Access, Stat. software, etc. 

• Full data acquisition and instrument control. 

• Risk free 90 day, money-back guarantee. 

Now Windows. DOS, NT & For Free literature. Cell 

Windows 95 applications 800 - 722-6004 


TAL TECHNOLOGIES. INC. 

2027 Wallace St.. Philadelphia. PA 19130 
Tel: 215/ 763-7900 Fax: 215/ 763-971 1 
E-mail: tallCgtaltech.com 
Home page: http:7Atfww.taltech.com 


T A L 


InstrumenT.AL Software " 



Call 


Engineering Software Direct is your 
tl source tor engineering software! 
The more than 1.000 products listed 
in this catalog were developed by 
software companies and practicing 
engineers and represent a vast 
resource ot tools that can help 
you get your job done better, more 
accurately, and more quickly. 


imii INK#M**044 


_ — . Soled. Int (rational 7525 N. Bum A». Otago. X 60647 

SClTeCIl W 312.4S6.919I fox 312.4S6.9234 

cool info 9>dtKfaUom URt http://www.KJtodWH.coa 


For More Information Write In No. 580 


For More Information Write In No. 581 


For More Information Write In No. 582 



Thin Rectangular Formot 
- Solder/Pressure Contact 

* Customized Capacity 
A, B, C Sizes 

• 3 and 6 Volts 
Lightweight 

Could Electronics Inc., PowenJex ' Division 
34099 Melinr Pkwy., Eostloke, Ohio 44095*4055 
216-918-6100 • 800-722-7890 • Fax: 216-918-6030 



• Powerful Analog Circuit Simulation 

• Real Time Graphics • Cross-Probing 
SPICE Models • Schematic Entry J 


SPICE Power At An Affordable Price 

Download Your Free Demo and Information Kit! 

www.intusoft.com p.o. Box 710 San Pedro 

Tel. 310 - 833-0710 intusoft CA 90733-0710 



FREE! 

130 

Page 

Catalog 


“Optics 

for 

Industry” 


Free 130 page product catalog from Rolyn, 
world’s largest supplier of “Off-the-Shelf” optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPHICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 


For More Information Write In No. 583 


For More Information Write In No. 584 


For More Information Write In No. 585 


Practically 

£pp()M 



Our miniature controllers are ideal for 
machine control and data acquisition. 
Easy to progam with our Dynamic C. 
Save time and money. Call for your free 
demo disk today! 

1724 Picasso Ave. 

Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
http://www.zwor1d.com 

For immediate information, call our 24-Hr AutoFAX 
916.753.0618 from your FAX. Request catalog #18. 

For More Information Write In No. 586 



Data acq and signal conditioning 
IN ONE PACKAGE! 

♦ Replaces chart recorders & scopes 

♦ Accepts plug-in amplifiers 

♦ Connects to your PC’s printer port 

♦ Fast 250,00(1 Hz sample rates 

♦ Ready-to-run recording software 
Forget multiple boxes. Set aside 
your old. traditional instruments. 

Our products take you from sensor to final results with computer- 
precision. Our DJ-500 portable, rack mounted, or desktop hardware 
measures TCs. rtds, vac, vdc. rpm, and strain — virtually any sensor 
used in industry — with safe, 1000 V isolation per channel. Our ready- 
to-run WinDaq software allows you to acquire, display, record, play- 
back, and analyze your toughest waveforms with more speed and 
flexibility than you've ever seen on a PC. 

19 MSTFmOnl 800 - 553-9006 

For More Information Write In No. 587 



CALL FOR 
INFORMATION 
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NURBS 

Geometry Software 



Nlib 2.0 is a library of ANSI C functions for 
creating and processing NURBS curves and 
surfaces. The functions are easy to call and no 
knowledge of NURBS mathematics is re- 
quired. Nlib 2.0 is the ideal kernel upon which 
to build geometry-based applications. Source 
code, multi-users, no royalties. Maintenance, 
consulting and training. 

http://www.gower.net/geomware 
GeomWare, Inc. PH/FAX 903 839-5042 
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Smalley Steel Ring Co (RAC 336) 149 

Spatial Positioning Systems ire. ..(RAC 695. 846) 123, 42H 

Spectra Quest. Inc (RAC 419.429,444) 84.134.152 

Spectran Specialty Optics (RAC 460.390,836) ....J5a.19a.48H 

Spiricon Inc. (RAC 453.850) 0a.55H 

Stanford Research 

Systems. Inc „.../RAC 305) .146 

Stock Drive Products/Sterling 

Instrument (RAC 307) 146 

Stocker Hinge Mfg. Co. (RAC 426,872) 99.35H 

Swagelok Co (RAC 541.841) 117.34H 

Synrad (RAC 520.837) 89.49H 

Systran Corp /RAC 323) „.148 

Taber Industries /RAC 332) 148 

TAL Technologies. Inc (RAC 581) 158 

TEAC America. (RAC 662.834) 11926H 

TEC Products /RAC 464) 18a 

Teknor Industrial Computers Ire. ..(RAC 565) 125 

Teledyne Wah Chang (RAC 315) 147 

TestEquity Inc..... (RAC 512) 3 

Trim-Lok Ire /RAC 436,852) 136.31H 

TrueTime, lnc...._ /RAC 309) 147 

ll-VI Incorporated /RAC 451.393.822) Ja.19a.46H 

Unica Solutions. Ire (RAC 308) 146 

Union Cartxde. Crystal Products /RAC 456) 12a 

Universal Technical Systems (RAC 316) 147 

Variation Systems 

Analysis, Ire /RAC 636,821) 107.21 H 

Vector Fields Inc /RAC 306) 146 

Veda Systems Incorporated (RAC 675,803) 7327H 

Virtual Vision /RAC 687.833) 77.4H 

Waterloo Maple Inc /RAC 527.831) SI 2 2H 

Welker Bearing Company /RAC 415.861) — 76.40H 

Western Graphtec. Ire _(RAC 562,832) 13528H 

Xantrex ./RAC 692,825) ...55J9H 

Z-Wortd Engineering /RAC 586) 158 

Zero Enclosures /RAC 446.447,862) 154.40H 


*RAC stands for Reader Action Card. For further information on these advertisers, please write in the RAC number on 
the Reader Action Card in this issue. This index is compiled as a service to our readers and advertisers. Every precaution 
is taken to insure its accuracy, but the publisher assumes no liability for errors or omissions. 
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Opportunities for Partnership 
& Commercialization 


Engineering Catalog 




Hard, Low Friction Coatings, 
Diamond-like Nanocomposites 
(Dylyn*) are Tailorable (electrical, 
corrosion, optical) 

Contact: Donald J. Bray, 

Director of Technical Marketing 
Advanced Refractory Technologies, Inc. 
(716) 875-4091 
FAX (716) 875-0106 
E-mail: art2000<* , aol.com 


Background Noise Rejection 

Using Patented Microphone & Processing 

Contact: David Franklin, President 
Audiological Engineering Corporation 
(800) 283-4601 
FAX (617) 666-5228 


Patented R & D 100 
Award-Winning Ceramic. 

Cost-Effective Solutions for Dimensionally 
Stable, Machinable Ceramic Components. 

Contact: Christy L. Smith, 

Marketing Director 
LoTEC, Inc. 

(801) 483-3100 
FAX (801) 483-3101 


/ riven tors Ma rkelplace 


HAVE AN IDEA! 

National company submits ideas, inventions 
to industry. National exposition. Patent ser- 
vices. 1 -800-288-IDEA. 


80/20 Inc.. 

abaters oi The Industrial Erector Set 1 

T-SL0T ALUM. EXTRUSIONS 
for Machine Frames, Work 
Stations, Shop Projects, 

Guarding, Enclosures, Etc. 

Free catalog 

with over 1400 building components! j 

Internet • http^/www.fwi.com/8090 

(219) 248-8030 • FAX 248-8029 

1 701 Soutti 400 Eel » Coluntw City, IN 467« hm 



■ 


Funding Opportunities 


Order CD ROM 

How to Write a 

$100,000 

Winning smR 

& $ 750,000 Phase II 

♦ Paragraph by Paragraph Writing Instructions 

♦ Templates for 22 Government Agencies 

♦ 19 Actual Winning and Losing Proposals 
♦Net & Text Browser for Fast Data Access 

Send check for $100 to: 

Standard Object Systems. Inc. 
4455 Torrance Blvd., # 147 
Torrance. CA 90503 
http ://www . stdobj sys . com 



Announcing The Fourth Annual 
SBIR TECHNOLOGY OF THE YEAR AWARDS 




Has your company developed a novel, commercially promising technology/ 
product through the government’s Small Business Innovation Research 
(SBIR) Program? You may be eligible for a 1997 SBIR Technology of the 
Year Award, presented by the Technology Utilization Foundation in coop- 
eration with SBIR-sponsoring agencies of the federal government. 

Nominees will have the opportunity to showcase their technology/product 
at Technology 2007, the world’s largest tech transfer conference and exhi- 
bition (Sept. 22-24, Boston, MA), and will be featured in the pages of 
NASA Tech Briefs. 


c> 


To (earn more about this prestigious national award and obtain a 
nomination packet, call Joanna Upton at (212) 490-3999. 
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O Electronic Components 
and Circuits 


Lightweight, Flexible, Thin- 
Film Solar Ceils for 
Spacecraft 

A report describes a program of 
research and development regarding thin- 
film, lightweight solar cells based on poly- 
crystalline CulnSe 2 . According to the 
report, thin-film solar cells made of 
CulnSe 2 and related compounds have 
already been demonstrated to exhibit 
active-area conversion efficiencies as 
large as 1 6.4 percent in terrestrial settings, 
and the program was directed toward 
development of lightweight, flexible, thin- 
film CulnSe 2 -based cells that would 
exhibit comparable efficiencies and would 
be suitable for use aboard spacecraft. 

This work was done by Bulent M. 
Basol, Vijay K. Kapur, Andrew J. Minnick, 
Craig R. Leidholm, and Arvind T. Haiani of 
International Solar Electric Technology for 
Lewis Research Center To obtain a copy 
of the report, “ Light-Weight , Flexible Thin 
Film Solar Cells For Space Applications, ” 
write in 7 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, OH 
44135. Refer to LEW-16340. 



Machinery/Automation 


Update on Reducing Blade- 
Slap Noise From Rotorcraft 

A report comprises the main text and 
illustrations of U. S. Patent 5,478,029, 
which pertains to mechanisms based on 
the principle of altering the balance of 
forces to tilt a lifting rotor in such a way 
as to increase the flow of air through the 
disk swept out by the rotor blades. 

This work was done by Frederic H. 
Schmitz of Ames Research Center. To 
obtain a copy of the report, “Rotorcraft 
Blade-Vortex Interaction Controller, " write 
in 98 on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,478,029). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Ames Research Center; 
(415) 604-5104. Refer to ARC-11992. 
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NASA Solutions. . . 



Making Space Technology 

Work for You 



Security Systems Software clips, 

a Johnson Space Center expert system 
program, enabled Software House to 
develop the C.CURESystem 1 Plus. This 
system allows users to manage large 
amounts of information, solve unique 
security problems and gain power over 
access control with time schedules, 
authorization levels and door entry with 
card validation. 



Plasma Torch using a plasma torch 
technology developed by Ames Research 
Center, Plasma Technology Corporation 
(PTC) has revived interest in a decade-old 
system for industrial heating. The plasma 
torch line developed by PTC far surpasses 
conventional methods. It offers greater 
temperature and processing control, faster 
reaction time, lower capital costs and a 
more efficient use of energy. 



Environmental Seal Magnetizing fuel 

by dispersing finely ground particles of iron 
oxide through it - an idea developed by a 
Lewis Research Center scientist is the 
concept behind Ferrofluidics Corporation's 
ferrofluids seal. The initial use was in a 
zero leakage non-wearing seal for making 
semiconductor chips. The corporation now 
manufactures rotary feedthrough seals for 
the semiconductor industry. 


N ASA technology positioned the U.S. in the forefront of space exploration. Whether it is sensors, 
microelectronics, information systems or another area, NASA technologies can help your business 
position itself in front of your competition. 

TechTracS - the newest search engine for finding the NASA technologies with the greatest commercial 
potential - can be accessed over the Internet through the NASA Commercial Technology Home Page: 

http://nctn.hq.nasa.gov. 


To match your company’s needs with NASA solutions contact the NTTC by 


II: 



• Internet: http://www.nttc.edu. 

• Phone: 1 - 800 - 678 - 6882 . 


For More Information Write In No. 630 







Silicon Graphics and the Silicon Graphics logo are registered trademarks, and 
Origin and lndigo2 IMPACT10000 are trademarks otSilicon Graphics, Inc. 
Gay is a registered trademark of Cray Research, Inc. 




Imaginative 
solutions that 
accelerate product 
development. 


Imagine the results of combining MSC's complete, 
customized, mechanical computer-aided engineering 
solutions with the blistering speed and graphics per- 
formance of Silicon Graphics Computer Systems®. 
By integrating simulation technology into the design- 
through-manufacturing process, MSC has become the automotive 
industry's worldwide standard for modeling and analysis. And nowhere 
has this standard been held higher than on Silicon Graphics and Cray 
Research supercomputers. Now, Silicon Graphics' new Origin 1 ” servers offer 
unrivaled performance and scalability for MSC's entire line of analysis prod- 
ucts, each of which has been optimized for peak performance on Silicon 
Graphics computer systems. This performance scales down to the Indigo2 
IMPACT10000™ and new 02 workstations as well, bringing powerful MSC modeling 
and analysis tools to the engineer's desktop. a gf n a 

Drive your product development with imaginative Solutions 

solutions from MSC, accelerated with Silicon Graphics' 
horsepower. For more information about Silicon Graphics' solutions for 
engineering analysis, call 800-800-7441, or http://www.sgi.com. To learn 
how you can partner with MSC to increase your competitive advantage, call 
800-642-7437, ext. 2500, or http://www.macsch.com. 


M 


The 

MacNeal-Schwendk 

Corporation 


0 * 


For More Information Write In No. 680 



